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CLINICAL AND EXPERIMENTAL 


THE HEMOLYTIC EFFECT OF PRIMAQUINE 


II. THE NatTurRAL Course OF THE HEMOLYTIC ANEMIA AND THE MECHANISM 
oF Its SeiF-LIMITED CHARACTER 


Raymonp J. DERN, M.D., PH.D.,* ErNest Beut er, M.D.,** AND 
Aur §S. Auvine, M.D. 
Cuicaco, ILL. 


N EARLIER studies! the daily administration of 30 mg. of primaquine to 
| certain drug-sensitive men induced an acute hemolysis, the severity of which 
indicated withdrawal of the drug after five to seven days. In subsequent in- 
vestigations,” it was demonstrated that the unusual sensitivity to primaquine was 
a property of the erythrocytes of the drug-susceptible men. In the course of 
these studies, Cr*'-labeled primaquine-sensitive red cells were transfused into 
nonsensitive recipients who could be given drug for at least several weeks with- 
out evidence of toxicity. Some of the erythrocyte survival curves obtained in 
these investigations indicated that the hemolysis might be partial and self- 
limited after about a week of drug administration. It was therefore considered 
safe to follow the natural course of a primaquine-induced hemolysis in a sensi- 
tive individual, under very close medical supervision. 

The following studies were undertaken to describe the natural course of 
primaquine-induced hemolytic anemia and to investigate the mechanism of the 
self-limitation of the aeute hemolysis. 


MATERIALS 


All subjects were inmate volunteers from the Illinois State Penitentiary at 
Stateville. The selection of the men and the technique of the studies with 
Cr*?-labeled cells were described in an earlier paper.’ 


; From the University of Chicago, Army Malaria Research Unit, the Department of Medi- 
cine. 
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EXPERIMENTAL 
COURSE OF PRIMAQUINE INDUCED HEMOLYTIC ANEMIA 

A. Clinical Observations —Primaquine in doses of 30 mg. base daily was 
administered continuously to a volunteer who was known to be sensitive to 
the drug. An acute hemolytic reaction occurred which was followed by a spon- 
taneous return of the hemoglobin to control levels in spite of continued ad- 
ministration of the drug. Subsequently, five other men were similarly studied 
and all exhibited the same cyclic pattern. Of these six men, three were known 
to be drug-sensitive and the hemolytic tendency of the other three was de- 
tected during a screening program. In the six experiments, the hemoglobin 
concentration, measured at the point of greatest fall, ranged from 78 to 52 

per cent of control levels. 
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DAYS 
1.—The course of primaquine-induced hemolytic anemia. Primaquine was administered to 
each of two volunteers during the period indicated by the hatched block. 





Two cycles are illustrated in Fig. 1 and a third example in Fig. 2 (upper 
eurve). It will be noted in subject I. W. (Fig. 1) that even a twofold increase 
in primaquine dosage during the recovery phase had no apparent effect on the 
progressively increasing hemoglobin level. 

A comparison of the hemoglobin curves of the six men revealed certain 
similarities with respect to the timing of the various phases of the cycle, 
measured from the onset of drug administration. The first decrease in hemo- 
globin level occurred in from 3 to 5 days after exhibition of drug and the max- 
imum depression between days 7 and 9. Those subjects whose anemia devel- 
oped most precipitously also began to recover more promptly. The first dis- 
tinct rise in the hemoglobin was observed between days 9 and 20. In the six 
subjects studied, the original normal level was approached (within 1.5 Gm. per 
cent) in 20 to 30 days after drug administration was begun. In all five experi- 
ments which were carried on for longer intervals, the original hemoglobin 
levels were reached. In three, drug administration was continued for from 
73 to 135 days. One subject, D. J. (Fig. 1), showed a slight secondary fall in 
hemoglobin level, but the other two subjects continued without change. 

White blood cell counts and platelet counts were performed on several of 
these volunteers at intervals throughout the experiments. All counts re- 
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mained within normal limits, and without trend except for a transient increase 
in leukocyte count during the hemolytic phase. 


B. Detailed Studies of a Hemolytic Reaction.— 


Method: In order to study the hemolytic process more directly, an aliquot of a 
primaquine-sensitive subject’s blood was labeled with Cr51 and reinjected into him six days 
prior to administration of primaquine. Subsequent counts were expressed as the ‘‘apparent’’ 
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Fig. 2.—Detailed studies of a typical primaquine-induced hemolysis. The clinical course 
is divided into three phases, as indicated by the vertical dotted lines. Cell survival studies 
were begun on day 6 and again on day 36 (curves A and B, respectively). 
per cent of Cr51-labeled red cells remaining in the circulation, the decay of the isotope having 
been corrected for before the calculation. The term ‘‘apparent’’ is used since a decrease 
in the count is determined both by red cell destruction and by the leakage of Cr51 from the 
cells. It has been shown that the normal survival curve of Cr51-labeled red cells is linear on 
a semilogarithmic plot over an interval of at least thirty days.2.3 An extrapolation of the 
control values describes the normal survival curve, and the difference between this line and 
the observed values is a measure of the fraction of the cells of the original population which 
were hemolyzed by primaquine. This measurement expresses the fate of the original labeled- 
cell population only and, obviously, does not measure any hemolysis of new cells added to the 
circulation subsequent to the labeling. ; 

Cell survival studies were repeated after the subject’s hemoglobin concentration had 
returned to normal levels. On the thirty-sixth day after the onset of drug administration 
a sample of blood was withdrawn from the subject, the red cells labeled with Cr51, and 
reinjected while he continued to receive the drug. The course of the survival curve of these 
cells described the behavior of the subject’s cell population as it existed on the day when 
the labeling was performed. 


Results: Typical data are illustrated in Fig. 2. The usual pattern of 
transient anemia and subsequent recovery during drug administration is.shown 
in the upper curve of the figure. 

For descriptive purposes, a hemolytic cycle has been divided into three 
phases: (1) acute hemolysis; (2) recovery; and (3) equilibrium. 
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1. The acute hemolytic phase: In the example illustrated in “ig. 2, this 
phase extended from the onset of drug administration to day 8. At the end 
of that period, the hemoglobin level reached a minimum (30 per cent fall), 
and a mild but definite reticulocytosis had developed. A marked hemolysis of 
the Cr*!-labeled cells occurred throughout the acute phase. It was estimated 
from the survival curve that, by day 8, the administration of primaquine had 
induced the destruction of about one-half of the original cell population. The 
severity of the symptoms of acute hemolysis, combined with the sudden devel- 
opment of urine which was almost black in color, necessitated the brief with- 
drawal of the drug as shown in the figure. 
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Fig. 3.—The capacity to hemolyze sensitive cells during prolonged drug administration. 





2. The recovery phase: This interval, by definition, began at the point at 
which the minimum hemoglobin concentration was reached. At the onset of this 
phase there was an abrupt decrease in the rate of hemolysis, as shown by the 
sharp change in the slope of the survival curve. 

The reticulocyte count reached a maximum during the recovery phase. By 
the end of this interval, the hemoglobir had returned to control levels and the 
reticulocyte count was markedly lower. 

3. The phase of equilibrium: This phase was characterized by the main- 
tenance of normal hemoglobin levels. The slope of survival curve B, Fig. 2, 
was normal. This indicates that the cell population as it existed on day 36 
(equilibrium phase) was not being hemolyzed at an increased rate although 
drug administration was continued. 
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tm H FACTORS AFFECTING THE DEGREE OF HEMOLYSIS 


The following studies were undertaken to investigate the reason for the 
marked reduction of the hemolytic rate which developed after about a week 
of drug administration. Two possible mechanisms were considered: (1) a re- 
duction of the capacity to hemolyze sensitive cells produced, for example, by 
the appearance of drug detoxification mechanisms, and (2) an alteration of the 
reactivity of the cell population. These factors will be considered individually 
in the following sections. 
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Fig. 4.—The reduced drug sensitivity of erythrocytes from a primaquine-sensitive subject 
during prolonged drug administration. 











A. The Capacity to Hemolyze During Long-Term Drug Administration.— 


Methods: In order to evaluate the capacity to hemolyze sensitive cells during long-term 
primaquine administration the following drug “prefeeding” experiments were undertaken. 
In each of these experiments erythrocytes from a primaquine-sensitive man were labeled with 
Cr51 and injected into a series of volunteers, each of whom had received 30 mg. primaquine 
base daily for varying lengths of time prior to the injection of the cells. Only cells from 
primaquine-sensitive donors who had not received the drug within an interval of several months 
preceding the experiment were used in this study. After the transfusion of labeled cells, 
administration of the drug to recipients was continued and the survival curves of the cells 
were determined. Eight nonsensitive recipients were tested and the interval of prefeeding 
varied from 0 to 30 days. In two experiments, sensitive men in the posthemolysis equilibrium 
phase were used as recipients of sensitive cells. 


Results: The results of a typical drug prefeeding study are given in Fig. 
« oD D ev on] g 


3. The survival curves indicate that the labeled sensitive cells were hemolyzed 
to the same degree in all recipients who were given primaquine and that pre- 
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feeding the drug did not ameliorate the hemolysis. The data demonstrate 
further that a drug-sensitive recipient in the equilibrium phase fully retained 
the capacity to hemolyze a population of known primaquine-sensitive cells 
when transfused into him. It is therefore evident that the reduction in hemo- 
lytic rate which occurs early in the recovery phase cannot be explained by an 
amelioration of hemolytic capacity. 


B. Cell Reactivity During the Equilibrium Phase.— 


Method: In order to study the sensitivity of the cell population to primaquine, a sam- 
ple of blood was withdrawn from a sensitive subject who was in the equilibrium phase and 
Cr51-labeled aliquots of the sample were reinjected into the donor and also transfused into 
a nonsensitive subject. After the injection of «the labeled cells the original donor was con- 
tinued on the drug and the other recipient was started on primaquine. This type of study 
was carried out with modifications using four separate donors in the equilibrium phase. 


Results: <A typical result is shown in Fig. 4. The normal Cr* survival 
curves indicate that equilibrium phase red cells were not hemolyzed at an in- 
creased rate when primaquine was administered to the carriers of the labeled 
cells. This demonstrated that the decreased rate of hemolysis which was ob- 
served after 8 to 10 days of primaquine administration was due to a reduced 
primaquine sensitivity of the cell population. 

The altered reactivity could be accounted for by two mechanisms: (1) the 
development of tolerance by the red cells on continued exposure to the drug, 
or (2) the elimination of the susceptible members of a heterogeneous popula- 
tion. Present data are not adequate to differentiate these hypotheses. Further 
studies of the reactivity of the equilibrium phase cell population are being 
earried out and will be presented in a subsequent paper. 


SUMMARY 


The administration of primaquine to six drug-sensitive recipients in daily 
doses of 30 mg. base resulted in acute hemolysis followed by complete hemato- 
logical recovery, although drug administration was continued. Studies with 
Cr*!-labeled erythrocytes demonstrated an abrupt decrease in the rate of 
hemolysis after about a week of drug administration. This was confirmed by 
clearing of the urine and a return of reticulocyte counts to lower levels. The 
self-limitation of the hemolysis was shown to be due to a change in the reactivity 
of the red cell population. The capacity of drug-sensitive volunteers to hemolyze 
known primaquine-sensitive cells was not altered during long-term drug ad- 
ministration. Prolonged administration of 30 mg. primaquine base daily (50 
to 135 days) to six men produced no other evidence of toxicity. 
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THE HEMOLYTIC EFFECT OF PRIMAQUINE 
III. A Srupy or PRIMAQUINE-SENSITIVE ERYTHROCYTES 


¢JRNEsT BEuTLER, M.D.* Raymonp J. DERN, M.D., Pu.D.,** AND 
Aur §. Atvine, M.D. 
CuicaGo, IL. 


HEN primaquine is administered to certain men, an acute hemolytic 

anemia develops. This abnormal response is due to a unique sensitivity 
of the erythrocytes of such men to the administration of primaquine.’ In this 
report the properties of these erythrocytes have been compared with those of 
nonsensitive men. Detailed studies have been made both before and at various 
times during the administration of primaquine. 


MATERIALS AND METHODS 


A. Volunteers—The selection of volunteers has been described previously... All 
‘‘sensitive men,’’ fourteen American Negroes, one man of mixed American Negro and 
American Indian ancestry (Car.), and one Caucasian (Lin.), developed an acute hemolytic 
anemia each time primaquine was administered. 

B. Blood Samples.—Freshly drawn, heparinized blood from primaquine-sensitive and 
nonsensitive subjects was used in all experiments. 

C. Morphologic Studies—The morphology of erythrocytes was observed both in wet 
preparations and on smears stained with Wright’s stain. In addition the erythrocytes of 
sensitive and nonsensitive men receiving 30 mg. primaquine daily were studied for Heinz 
bodies by a modification of the method of Webster.2 

D. Immunologic Studies.—The slide technique was used for typing of erythrocytes and 
or Coombs’ tests; potent commercial sera were employed according to the diretions of 
the manufacturer, Tests for the Fya and Lea antigens were carried out by Dr. Philip 
Levine of the Ortho Research Foundation, Raritan, New Jersey. Sensitivity to acid 
hemolysis was determined by the method of Ham and Horack.3 

E. Hemoglobin Analysis.—Tests for sickling were carried out by the 2 per cent sodium 
bisulfite method.4 Hemoglobin electrophoresis was carried out on filter paper by a modifi- 
cation of the method described by Spaet.5 Alkali-resistant hemoglobin was measured by 
the method of Singer and associatesé and methemoglobin was measured by a modification 
of the method of Evelyn and Malloy.7 ; 

F. Fragility Studies——The osmotic fragility curve of erythrocytes was determined by 
adding 0.2 ml. of whole blood to 5 ml. of a series of different concentrations of sa- 
line, After two hours at refrigerator temperature, the suspensions were centrifuged, 
and the amount of hemoglobin in the supernatant measured with a photoelectric colorim- 
eter. The mechanical fragility of the erythrocytes was determined by a modification of 
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the method of Shen and associates,’ in which blood is rotated in a flask containing glass 
beads for two hours under standard conditions. The susceptibility of the erythrocytes to 
the in vitro hemolytic action of primaquine, pamaquine, 6-methoxyquinoline, quinoline, and 
aniline was measured by adding 0.2 ml. of whole blood to 5 ml. of each of a series of dif- 
ferent concentrations of these agents in buffered saline (pH 7.0, tonicity 1.0, pre- 
pared as recommended by Ponder). After two hours’ incubation at 37° C., the sus- 
pensions were centrifuged and the amount of hemoglobin in the supernatant measured with 
a photoelectric colorimeter. Fragility to saponin and sodium taurocholate was measured by 
the time-dilution curve method of Ponder.1° In this method the time required to complete 
hemolysis of a standard red cell suspension is determined at various dilutions of the 
hemolysin. Primaquine and naphthalene were tested as accelerators. Tests were carried 
out at 26° C. or at 37° C. R values, the index of accelerator activity suggested by Ponder,11 
were used as a basis for comparing the degree of acceleration of hemolysis of sensitive and 
nonsensitive cells. 

Throughout this study primaquine diphosphate and pamaquine citrate were used, but 
concentrations are expressed in terms of base. 


EXPERIMENTAL AND RESULTS 
A. The Erythrocytes of Sensitive Men not Receiving Primaquine.— 
1. Morphology (Table I): The morphology of the sensitive erythrocytes 
was normal. 

2. Immunologic studies (Table I): The only factors common to the anti- 
genie pattern of all primaquine-sensitive erythrocytes tested were the presence 
of D and e, and the absence of K. Since such an antigenic pattern is common 
in the general Negro population,’? no significance can be attached to its pres- 
ence in the cells of all of these men. 

An attempt was also made to detect other antigenic differences which 
might exist between sensitive and nonsensitive erythrocytes. Eight non- 
sensitive men were given four weekly intravenous injections followed by four 
biweekly intramuscular injections of 2.5 ml. of washed compatible primaquine- 
sensitive red cells. Indirect Coombs’ tests using the red cells of the donor 
and the serum of recipients were performed each two weeks during, and two 
weeks after, the course of injections. All of these tests were negative. 


No abnormal sensitivity to acid hemolysis could be demonstrated. Direct 
Coombs’ tests performed on primaquine-sensitive cells were all negative. 
Whole blood from a sensitive and from a nonsensitive man was incubated at 
37° ©. for two hours with 250 pg primaquine per milliliter. A Coombs test 
on these erythrocytes remained negative. 

3. Hemoglobin analysis (Table I): Electrophoresis of the hemoglobin of 
eleven primaquine-sensitive men revealed only the presence of Type A 
(normal) hemoglobin; Type S (sickle) as well as A could be demonstrated in 
the erythrocytes of one sensitive man. The cells of only this individual sickled 
in the presence of 2 per cent sodium bisulfite. There was no increase in the 
amount of alkali-resistant hemoglobin in the erythrocytes of any of the men. 
Positive sickling tests and the presence of both Type A and Type S hemoglobin 
were demonstrated in ten of sixty-six Negro men who did not develop hemo- 
lytie anemia when given 30 mg. primaquine daily for fourteen days. 
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The addition of primaquine to the hemoglobin of both sensitive and non- 
sensitive men failed to change its electrophoretic pattern. 

The quantity of methemoglobin in primaquine-sensitive cells was normal. 

The hemoglobin of primaquine-sensitive and nonsensitive cells was ox- 
idized to methemoglobin in vitro by incubation with sodium nitrite. The cells 
were then washed and the rate at which methemoglobin was reduced to hemo- 
globin was measured. No significant difference was found between the rate 
of reduction in sensitive and nonsensitive cells. 

4. Fragility studies: The osmotic, mechanical, and chemical (saponin and 
taurocholate) fragility of primaquine-sensitive and nonsensitive erythrocytes 
was compared. No significant difference could be demonstrated. 
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Fig. 1.—The hemolysis of primaquine-sensitive and primaquine-nonsensitive red cells incubated 
with various dilutions of primaquine in buffered saline suspension for two hours. 
Sterile whole blood from sensitive and nonsensitive men was incubated 

at 37° C. for forty-eight hours with and without the addition of 100 pg prima- 

quine per milliliter. The presence of primaquine in this concentration failed 
to cause any hemolysis or any increase in osmotic, mechanical, or chemical 
fragility of either sensitive or nonsensitive cells. 

No significant difference could be demonstrated in the susceptibility of 
sensitive and nonsensitive erythrocytes to the in vitro hemolytic action of 
primaquine, pamaquine, 6-methoxyquinoline, quinoline, or aniline. The prima- 
quine hemolysis curves of the red cells of five sensitive and ten nonsensitive 
individuals are presented in Fig. 1. There was less variability in the 6-meth- 
oxyquinoline, quinoline, and aniline hemolysis curves than in the hemolysis 
curves obtained with primaquine and pamaquine. Essentially no change in the 
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hemolytic properties of primaquine was observed after air was forced through 
a solution for forty-eight hours in the presence of light. The average 50 per 
cent hemolytic concentrations were approximately 1.6 mg. primaquine per 
milliliter, 2.4 mg. pamaquine per milliliter, 2.3 mg. 6-methoxyquinoline per 
milliliter, and 10.3 mg. aniline per milliliter, 

There was no difference in the accelerating effect of primaquine on 
saponin hemolysis of sensitive and nonsensitive erythrocytes. The effect of 
primaquine on taurocholate hemolysis could not be studied because a precipi- 
tate formed when primaquine was added to the taurocholate solutions. There 
was no difference in the accelerating effect of naphthalene on taurocholate 
hemolysis of sensitive and nonsensitive erythrocytes, however. 

B. The Erythrocytes of Sensitive Men During Primaquine Administra- 
tion.— 

The erythrocytes of primaquine-sensitive men receiving 30 mg. of prima- 
quine base daily were studied before and during the following phases** of 
primaquine-induced hemolysis: (1) acute hemolysis, (2) recovery, and (3) 
equilibrium. 

1. Morphology: Slight anisoeytosis, polychromatophilia, and basophilic 
stippling of erythrocytes was present in blood smears made from patients dur- 
ing the late acute hemolytic phase and early recovery phase. In this period 
the reticulocyte response was most intense.'? 

Unstained wet preparations revealed no abnormality of the erythrocytes, 
but stained wet preparations from ten sensitive men undergoing hemolysis 
demonstrated that Heinz bodies appeared in the red cells one or two days after 
the administration of primaquine was begun. Their number increased until 
the rate of hemolysis became rapid, at which time most or all of the cells con- 
taining Heinz bodies disappeared. During the recovery phase only rare Heinz 
bodies were seen. This characteristic relationship of the number of erythro- 
cytes containing Heinz bodies to the course of the hemolytic reaction is illus- 
trated in Fig. 2. The maximum number of erythrocytes containing Heinz 
bodies has varied widely, but averaged 20 per cent; the highest values were 
observed in those patients undergoing most severe hemolyses. Only rare 
erythrocytes with Heinz bodies have been observed in stained wet prepara- 
tions of the blood of nineteen nonsensitive men who were given 30 mg. prima- 
quine daily. 

2. Immunologic studies: Direct Coombs’ tests remained negative through- 
out. 

3. Hemoglobin analysis: No change was observed in the electrophoretic 
mobility or in the percentage of alkali-resistant hemoglobin. When 30 mg. 
primaquine base is administered daily, mild methemoglobinemia occurs in 
sensitive and nonsensitive individuals alike, but, as Hoeckwald and associates™ 
have also pointed out, the amount of methemoglobin formed by sensitive men 
is no greater than that formed by nonsensitive men. 

4. Fragility: No significant alteration of the osmotic or mechanical fragil- 
ity was observed, 
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DISCUSSION 






It has previously been shown that the erythrocytes of primaquine-sensitive 
men clearly differ from those of nonsensitive men in their in vivo response to 
the administration of 30 mg. primaquine base daily.’ In this study the ex- 
tensive application of techniques which demonstrate known abnormalities of 
the erythrocytes failed to show how primaquine-sensitive cells differ from non- 
sensitive cells. The abnormal sensitivity of these cells to primaquine is not, 
therefore, merely a new manifestation of a previously demonstrated abnormal- 
ity of the erythrocyte, such as that of sickle-cell trait, sickle-cell disease, hemo- 
globin C disease, thalassemia, congenital hemolytic anemia, or paroxysmal 
nocturnal hemoglobinuria. 
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Fig. 2.—The relationship of the percentage of erythrocytes containing Heinz bodies to the course 
of primaquine-induced hemolysis in a sensitive individual. 










It is also clear that hemolysis of these cells is not due to an accumulation 
of methemoglobin. Many nonsensitive men form considerably greater quan- 
tities of methemoglobin than sensitive men without exhibiting any evidence 
of hemolysis. It is of further interest that production of methemoglobinemia 
by administering sodium nitrite does not cause hemolysis,’ 1° nor does the 
administration of methylene blue in conjunction with primaquine materially 
influence the survival of primaquine-sensitive or nonsensitive cells.’® 









Even if a 30 mg. dose of primaquine were concentrated in a patient’s 
plasma in unchanged form, levels of the order of only 0.015 mg. per milliliter 
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would be achieved. This is far less than that which caused hemolysis in vitro. 
Furthermore, primaquine-sensitive cells were no more susceptible to in vitro 
hemolysis by primaquine, pamaquine, 6-methoxyquinoline, quinoline, or aniline 
than were nonsensitive cells. The presence of 0.1 mg. primaquine per milli- 
liter of whole blood not only failed to cause hemolysis after forty-eight hours 
of incubation, but also did not increase the osmotic, mechanical, or chemical 
fragility of sensitive or nonsensitive erythrocytes. Ponder’ has suggested 
that the hemolysis which is rarely associated with administration of quinine, 
may be due to its accelerating effect on naturally occurring hemolysins. It is 
not possible to study the accelerating effect of primaquine on hemolysis by 
physiologically present hemolysins for technical reasons. However, the ac- 
celerating effect of primaquine on saponin hemolysis (which appears to closely 
parallel that of taurocholate hemolysis'®) was investigated. No difference 
between the susceptibility of sensitive and nonsensitive cells was found. These 
findings demonstrate that the in vivo hemolysis observed is not due to a direct 
effect of unmetabolized primaquine or the related compounds tested. It is also 
probably not due to the acceleration of other hemolysins. 

The most likely explanation of the in vivo hemolytic effect of primaquine 
seems to be that it, or a metabolic product, inflicts an injury upon sensitive 
erythrocytes which results in their subsequent selection for destruction by in 
vivo mechanisms. The type of injury sustained apparently does not result in 
hemolysis under in vitro conditions. The Heinz bodies which appear in the 
erythrocytes just prior to acute hemolysis are probably a manifestation of such 
damage.’® Their rapid disappearance during hemolysis supports the concept 
that these erythrocytes are selectively destroyed. It is of further interest that 
primaquine, although not hemolytic in vitro at concentrations of 0.1 mg. per 
milliliter, will cause abundant Heinz body formation in vitro at concentrations 
as low as 0.005 mg. per milliliter..%° Unfortunately, little is known of the 
exact nature and mode of formation of Heinz bodies.1® Thus, although Heinz 
bodies are clearly implicated in the primaquine-induced hemolytic reaction by 
this and other studies,’® the exact nature of the lesion produced in sensitive 
erythrocytes and the reason for their unique sensitivity remains unknown at 
present. 


SUMMARY 


The erythrocytes of primaquine-sensitive and nonsensitive individuals not 
receiving primaquine have been compared in the following respects: (a) 
morphology; (b) antigenic characteristics; (c) sensitivity to acid hemolysis; 
(d) hemoglobin type; (e) mechanical, osmotic, and chemical fragility; (f) the 
fragility to the in vitro hemolytic action of primaquine, pamaquine, 6-methoxy- 
quinoline, quinoline, and aniline; and (g) susceptibility to the accelerating 
effeet of naphthalene and primaquine on taurocholate or saponin hemolysis. 

The morphology, Coombs’ tests, hemoglobin type, and osmotie and me- 
chanical fragility of the erythrocytes have also been studied during the various 
phases of the hemolytic reaction. 
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No significant differences could be detected between the cells of sensitive 
and nonsensitive individuals either before or during primaquine administra- 
tion except for the appearance of Heinz bodies in the erythrocytes of sensitive 
men just before and at the beginning of hemolysis, and their rapid disappear- 
ance as hemolysis progressed. The implications of these findings with respect 
to the nature of the primaquine-induced hemolytic reaction are discussed. 
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THE ISOLATION OF FRACTIONS FROM PASTEURELLA PESTIS 
KOR USE IN A HEMAGGLUTINATION TEST 


SIDNEY J. SILVERMAN, PH.D.* 
FREDERICK, Mp. 


N STUDIES on the immunology of plague the bacterial agglutination test 
has not been found entirely satisfactory as a means of detecting antibodies 
against Pasteurella pestis. The cell suspensions usually employed are unstable 
and lack sensitivity. Furthermore, antibodies against other members of the 
genus Pasteurella cross react with antigens of Past. pestis, thus reducing the 
specificity of the test. Because of the shortcomings of the bacterial agglutina- 
tion test, efforts were made to develop a more satisfactory serologic technique 
by exploring the possibilities of the hemagglutination reaction. The adsorp- 
tion by erythrocytes of culture filtrates and extracts or fractions obtained from 
bacterial cells has been reported by a number of investigators’ ; while these 
studies were in progress, Amies?® and Chen*® reported the isolation of antigens 
from Past. pestis which were capable of being adsorbed onto erythrocytes. 
Such altered red blood cells are agglutinable by antiserum against either the 
whole bacterial cell or its fractions. The descriptions of this type of test in 
the literature indicated that a high degree of sensitivity could be expected 


from the erythrocyte antigens, and the work to be reported was undertaken 
to determine whether a hemagglutination test could be utilized in plague 
studies. It should be noted that Chen and associates'’® have recently reported 
on the usefulness of the complement-fixation test as a serologic tool for Past. 
pestis investigations when a purified plague antigen, Fraction I, was used. 


MATERIALS AND METHODS 


Preparation of Erythrocyte Sensitizing Fractions (ESF ).—Avirulent strains of Past. 
pestis, A1122 or A2, a single colony isolate derived from the former, were grown for 
seventy-two hours at 37° ©. on solid medium contained in Roux bottles, The basic com- 
ponent of the medium was Bacto blood agar base to which was added 0.1 per cent dextrose, 
0.04 per cent Na,SO, or 0.06 per cent Na.S,0,-5H,O, 0.01 per cent cystine HCl, 0.25 per cent 
Bacto yeast extract, and 1.0 per cent agar. The growth was harvested in sterile 0.85 per cent 
NaCl and the resulting suspension was siphoned into two volumes of cold acetone. After 
two hours at room temperature, the mixture was centrifuged at 2,000 r.p.m. for ten to twenty 
minutes in a refrigerated International PR-1 Centrifuge and the cells were washed twice with 
acetone. ‘The bacterial mass was then resuspended in a volume of acetone equal to one-half 
the original saline suspension and left at 37° C. overnight. After final centrifugation, the 
cells were dried in vacuo over H,SQ,. 

Attempts were first made to isolate an active polysaccharide fraction using the phenol 
extraction method of Palmer and Gerlough.17 It was noticed, however, that when the 
preparations obtained by this technique were treated by various procedures for the re- 
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moval of biuret reacting substances, the activity of the fractions decreased, As a result, 
methods were sought for the isolation of protein fractions. Precipitation from saline ex- 
tracts by (NH,),SO, or acid was finally adopted. 

ESF was extracted by suspending the dried cells in twenty times their amount 
(W/V) of 0.85 per cent NaCl, adjusted to pH 7.0 to 7.2 with N/10 NaOH. The suspension 
was made homogeneous with the aid of a Waring Blendor and left at room temperature for 
twenty-four hours. The cells were then removed by centrifugation at 8,000 to 10,000 
r.p.m. in a ‘‘Servall’’ SS-2 Angle Centrifuge and extracted for another twenty-four-hour period 
with one-half the original volume of saline solution. After centrifugation, the two 
extracts were combined and used for the precipitation of ESF. A third extraction of the 
cells with saline solution yielded only a small amount of the fraction. 

Ammonium Sulfate Precipitation—ESF was precipitated from the combined extracts 
by the addition of neutralized, saturated (NH,).SO, in amounts sufficient to give a final 
concentration of 0.25 to 0.35 saturation. The mixtures were refrigerated overnight and 
the precipitates were separated by centrifugation at 10,000 r.p.m. for twenty to thirty 
minutes. The sediments were dissolved in distilled water to give about one-tenth the 
original volume of extract, dialyzed against distilled water, concentrated by pervaporation 
at 4° C. in the cellophane dialyzing tubes, and clarified by centrifugation. At times the 
pH of the solutions fell during dialysis, causing precipitation of the fractions, It was then 
necessary to adjust the pH to 7.0 to 7.4 in order to redissolve ESF. 

Acid Precipitation—When the saline extract was adjusted to pH 4.2 with N/10 HCl, 
a precipitate appeared which was separated by centrifugation and was redissolved in 
distilled water at pH 7.2 to 7.4. After clarification in the centrifuge, the fraction was 
reprecipitated twice and the final precipitate was dissolved in distilled water at pH 7.2 to 
7.4 to about one-tenth the original volume of extract. 

Chemical Analyses.—Precipitates were analyzed for total nitrogen by a modification of 
the micro-Kjeldahl method described by Kabat and Mayer.18 Carbohydrates were deter- 
mined as glucose using Fales’ anthrone technique.19 Allen’s20 method was used for the 
determination of total phosphorus. 

Preparation of Erythrocytes (RBC).—Sheep RBC collected in Alsever’s solution21 were 
used for most of the studies. The cells were washed three times with 0.85 per cent saline 
solution adjusted to pH 7.4 with a barbiturate buffer (buffered saline) and were made up 
to 5.0 per cent (V/V) with the buffered saline. The cell suspension was adjusted so that 
a 1:15 dilution in distilled water gave a reading of 300 to 305 on the Klett-Summerson 
colorimeter with a number 54 (green) filter. 

Bacterial Antigen.—A washed, formalinized suspension of cells of Past. pestis grown 
at 37° C. was used as the antigen in bacterial agglutination tests. The antigen was ad- 
justed to contain 1.5 x 109 organisms per milliliter and the tests were performed accord- 
ing to the method described by Jawetz and Meyer.?2 

Antisera.—Antiplague serum was prepared by injecting rabbits intravenously with a 
twenty-four-hour heart infusion broth culture of strain A1122 or A2 of Past. pestis grown at 
37° C. A formalin killed suspension of Past. pseudotuberculosis was used for the preparation 
of antiserum against this organism. Rabbits were bled when their sera were of suitable 
titer as shown by tests with the homologous bacterial antigen and, in the case of antiplague 
sera, with ESF-treated erythrocytes. After Seitz filtration the pooled sera were stored at 
4° C. in the presence of 1:10,000 Merthiolate. The sera were inactivated at 56° C. for 
thirty minutes and absorbed with the packed cells from 2 volumes of 5.0 per cent RBC at 
37° C. for thirty minutes before use in the hemagglutination test. 

Sensitization of RBC.—Although earlier studies showed that adsorption of ESF onto 
RBC occurred at low (4° to 25° C.) temperatures, the most rapid and complete adsorption 
occurred at 37° C, Adsorption occurred within thirty minutes at 37° C., but to ensure 
complete adsorption these mixtures were incubated for two hours. For sensitization, 
therefore, mixtures of ESF and 5.0 per cent RBC were placed in a 37° ©, water bath and 
left for two hours with occasional shaking. Following incubation, the cell suspensions 
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were centrifuged and washed three times with 10 volumes of buffered saline solution to 
remove excess ESF, and diluted with buffered saline solution to make a 0.5 per cent 
suspension for use in tests.* 

ESF Titration and Hemagglutination (HA) Tests——ESF was titrated by sensitizing 
1.0 ml. of a 5.0 per cent RBC suspension with varying amounts of the fractions on a dry 
weight basis and adjusting the total volume up to 2.0 ml. These sensitized cells were 
used in HA tests in which serial dilutions of antiserum were prepared and 0.2 or 0.5 ml. 
of each was pipetted into 12 by 75 mm. serologic tubes. An equal volume of sensitized 
cells was added to each tube and the tests placed at 4° C. overnight. Hemagglutination 
at this temperature was found to occur at higher serum dilution than at room temperature 
or 37° C. Two-tenths and five-tenths milliliter aliquots gave equally satisfactory results. 
Controls for treated and normal RBC and for the serum were included. The results were 
read according to the pattern of sedimented cells,2? and a 2 or 1 plus reaction was con- 
sidered positive while a plus-minus reaction was considered negative. The sensitizing ac- 
tivity of the fractions was considered to be the minimal amount of ESF, in micrograms 
required to sensitize 1.0 ml. of 5.0 per cent RBC so that complete hemagglutination oc- 
curred at the maximal titer of the serum. 

Erythrocytes treated with some fractions agglutinated spontaneously in buffered 
saline or in low concentrations of serum. This could be avoided by the use of inactivated, 
absorbed, normal rabbit serum diluted 1:100, for the preparation of the serial dilutions 
of antiserum. 

Hemagglutination Inhibition (HI) Tests—Graded dilutions of ESF in 0.2 ml. amounts 
were incubated at 37° C. for four hours with an equal volume of antiserum; the same con- 
centration of antiserum was used for each dilution of ESF. Four-tenths milliliter of 0.5 per 
cent sensitized RBC was then added and the tests were refrigerated overnight. That 
amount of the fraction, in micrograms which just prevented a 1 plus reaction, was con- 
sidered the end point and HI titer. The ‘‘indicator’’ system consisted of 0.5 per cent 
RBC treated with a “standard” fraction which previously had been titrated with the 
antiserum used in the HI test. The amount of ESF selected for sensitization was that 
amount which resulted in complete hemagglutination with a final serum dilution of 1:2,000 
to 1:2,400. The antibody titer of the sera used was approximately 1:5,000. 


RESULTS AND DISCUSSION 


While most erythrocyte adsorbable fractions have been reported to be 
polysaccharide,” * * ® * 1° the preparations obtained by both meinods described 
here were biuret positive and reacted with a-naphthol and anthrone. Since 
deproteinization of the. carbohydrate fractions decreased their activity, it ap- 
pears that the protein-like component is not an impurity but an integral part 
of the fractions. This was further supported by other studies in which the 
activity of (NH,).SO, fractions remained unaltered or was slightly increased 
following the removal of 81 to 88 per cent of the carbohydrate portion by 
extraction with N/10 HCl; the carbohydrate portion, which was contaminated 
with some of the protein component, was active only when ten to twenty times 
as much material was used for sensitization. Neither of the two types of frac- 
tion can be considered as pure or single substances because, when tested 
against antiplague serum by the Oudin?* ?> technique, the (NH,).SO, frac- 
tions were found to contain two to three components, while the acid precipi- 
tates consisted of three to four antigens. The identity of the active com- 


*Later studies have indicated that the sensitivity of the hemagglutination test was in- 
creased by using a 2.5 per cent RBC suspension and diluting 10 times after adsorption of 
ESF. In order to compare the activity of the fractions prepared later in the study with those 
obtained initially, the use of 5.0 per cent RBC has been continued. 
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ponent remains unknown since attempts to separate completely the different 
components or the carbohydrate and protein moieties have as yet been unsuc- 
cessful. 

Precipitation of ESF from the saline extracts was maximal at about 0.29 
to 0.31 saturation with (NH,).SO,. Below this concentration, the supernatants 
remaining after separation of the precipitates still contained much active 
material which could be removed by increasing the salt concentration. Above 
0.31 saturation, the supernatant showed little activity while the precipitates 
were less active than those obtained at optimal saturation. The activity of 
these fractions could be increased somewhat by reprecipitation with decreased 
concentrations of (NH,).SO,. The activity of the acid precipitates was gen- 
erally similar to, or somewhat less than, that of the salt precipitates. While 
the same quantities of the two types of fraction permitted complete hemag- 
glutination, the maximal serum titer obtained with RBC treated with acid 
precipitates was frequently lower than that obtained by using (NHj,).SO, 
precipitates. 





TABLE I. CHEMICAL CITACACTERISTICS AND SEROLOGIC ACTIVITY OF ERYTHROCYTE 














SENSITIZING FRACTIONS 
. NITROGEN | CARBOHY- ae ware 
FRACTION (%) | DRATE (%) | N/c* SAtwG | Hit we 
(NH,),SO, Concentration | (NH,),SO, Precipitates 
29b 0.25 saturation a0 54.3 0.10 10.0 3.12 
29b, 0.30 saturation 9.1 51.8 0.18 10.0 0.34 
24a, 0.33 saturation 10.0 45.5 0.23 7.0 0.29 
25b, 0.33 saturation 8.6 34.0 0.25 1.0 1.72 
26b. 0.33 saturation 9.6 56.6 0.17 30.0 0.29 
29b, 0.33 saturation 10.5 35.8 0.29 30.0 0.05 
27b, 0.35 saturation 12.6 14.6 0.86 10.0 1.50 
27e, 0.35 saturation 10.6 18.2 0.58 5.0 0.12 
28e 0.35 saturation 11.9 12.8 0.93 200.0 0.35 
29b, 0.35 saturation 9.7 18.2 0.53 30.0 0.26 
Acid Precipitates (pH 4.2) 

24e, 15.0 Ty" 2.6 70.0 0.31 
27d, 11.6 18.7 0.62 10.0 0.48 
29e. 12.6 4.4 2.9 70.0 0.68 

*Ratio of nitrogen to carbohydrate. 

TSA = Sensitizing Activity: minimum amount of ESF required to sensitize 1.0 ml. of 5.0 
percent RBC so that complete agglutination occurred at the titer of the antiserum. 

tHI = Hemagglutination Inhibition titer: the minimal amount of ESF which inhibited 


hemagglutination of sensitized RBC by plaque antiserum. 





Both preparations were soluble in distilled water in a neutral or slightly 
alkaline solution but became insoluble at a lower pH. The amount of total 
nitrogen and carbohydrate varied for the different preparations obtained by 
either procedure; the carbohydrate component showed the greatest variation. 
The nitrogen/carbohydrate ratio was generally lower for those precipitates 
obtained with 0.25 to 0.33 (NI,).SO, saturation than for those obtained with 
0.35 saturation or acid precipitation (Table I). The amount of total phos- 
phorus in the fractions was variable (0.13 to 1.9 per cent). ESE prepared 
by either method is apparently different from the antigens described by Baker 
and by Amies.** The fractions reported by the former 
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eroup are soluble in 0.25 saturated (NII,).SO,, while ESF is precipitated at 
this concentration of the salt. Amies’ antigen is described as a protein free 
of carbohydrate components and may represent a purer form of ESF. Al- 
though a fraction prepared according to Amies’ technique sensitized RBC, 
the cells were agglutinated by higher concentrations of serum than were 
required for cells sensitized by the preparations described here. 

Table I sets forth the results of titrations for a number of fractions as 
well as their inhibition titers. There was no correlation between the sensitiz- 
ing activity and the inhibitory effect of the preparation nor between the nitro- 
gen or carbohydrate content and the activity. A typical protocol for the titra- 
tion of the fractions is presented in Table Il. It can be seen that amounts of 
ESE above a certain level failed to increase the degree of hemagglutination 
of the treated erythrocytes. Below this level, the RBC are incompletely sen- 
sitized and, as a result, failed to be agglutinated by the antiserum at its maxi- 
mal titer. 

The HA test was compared with the bacterial agglutination test using a 
number of rabbit antisera and human sera obtained from individuals vac- 
cinated against Past. pestis with a formalin-killed vaccine. The sera were 
inactivated at 56° C. for thirty minutes and absorbed with sheep erythrocytes 
before using. The results shown in Table III indicate the greater sensitivity 
of the HA test; the titers by this method ranged from 16 to 250 times higher 
than those obtained with the bacterial antigen. The human sera, collected at 
0, 3 or 6, and 12 weeks post vaccination, contained only small quantities of 
antibody as indicated by both tests but, again, higher titers were obtained by 
the use of sensitized erythrocytes. 

In tests with antiserum prepared against Past. pseudotuberculosis, eryth- 
rocytes treated with plague ESE have failed to show any cross reactions, 
while RBC sensitized with fractions obtained from Past. pseudotuberculosts 
by (NH,).SO, precipitation of saline extracts were agglutinated only in high 
concentrations of antiplague serum. It is likely that ESF is derived from 
the envelope substance since Schiitze®® has shown that the two organisms 
share a somatic antigen while only Past. pestis contains the envelope antigens. 
Further evidence of this was obtained from attempts to isolate ESF from 
cells grown at 26° C., which yielded only small amounts of a relatively inactive 
preparation. Maximal envelope production is obtained at 37° C., while little 
or none is formed at lower temperatures. 

The relationship of HA antibodies to protective antibodies was studied by 
the passive immunization of mice with rabbit antiplague sera. Twenty rabbits 
received a series of injections of either acetone-dried whole cells, fraction IA 
as prepared by Baker,?* or ESF prepared by either acid or (NH,)2SO, pre- 
cipitation of saline extracts of Past. pestis. The antigens were precipitated with 
1.5 per cent alum and the preparations diluted to contain 1.0 mg. of antigen 
per milliliter after the preparations were washed. Two rabbits were used for 
each antigen and each received a total of 4.0 mg. of antigen in a series of four 
injections of 1.0 ml. each. A sample of blood was obtained prior to immuniza- 
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tion and each rabbit was bled one week following each administration of anti- 
gen so that antisera of different titers could be obtained from the same animal. 
Thirty-four antisera were thus obtained from the twenty rabbits and HA 
titers of each sample of serum were determined by the method described 
previously. 

The mouse protection tests were performed by injecting intraperitoneally 
0.5, 0.1, or 0.02 ml. of each antiserum into 10 mice. Groups of ten mice were 
also injected with 0.5 ml. of each rabbit serum obtained prior to immuniza- 
tion. One hour after the injection of the antisera each animal was injected 
subeutaneously with about 250 cells (50 LD;,.) of a virulent strain of Past. 
pestis contained in 0.1 ml. of inoculum. The mice were observed for twenty- 
eight days and the ED;, of the sera (that amount which protected 50 per cent 
of the animals) was determined by the method of Litchfield and Wilcoxon ;*! 
the ET;) of the sera (the time required for 50 per cent of the animals to die) 
was determined for each dose of antiserum by the method of Litchfield.*? 


TABLE III. COMPARISON OF ANTIBODY TITERS OF RABBIT AND HUMAN ANTIPLAGUE SERA 
AS DETERMINED BY BACTERIAL AGGLUTINATION AND HEMAGGLUTINATION TESTS 








RABBIT SERA 
| | BACTERIAL | BACTERIAL 
| HEMAGGLUTINA- | AGGLUTINATION | | WEEKS POST- | HEMAGGLUTINA- | AGGLUTINATION 
| TION TITER* | TITER* | SERUM | VACCINATION | TION TITER* TITER* 
5,120 80 LH 0 0 
10,240 1,280 6 10 
5,120 320 20 
0,120 320 JHu 0 
2,560 40 ) 0 
5,120 80 80 
10,240 320 0 
10,240 640 é 80 
20,480 80 80 
10,240 40 0 
5,120 80 ‘ 80 
5,120 160 1 80 
10,240 160 0 
40,960 320 : 160 
: 80 





HUMAN SERA 





| 








fond fen 


bo 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 





*Reciprocal of the serum dilution. 


TABLE LV. SUMMARY OF THE COMPARISON BETWEEN THE PROTECTIVE ACTIVITY OF RABBIT 
ANTIPLAGUE SERA FOR MICE AND THE SERUM HEMAGGLUTINATION TITER 





EDs) (ML) * 





4 ETs (DAYS) f 
NUM- | NUM- 
ARITH- BER ARITH- | BER 
HEMAGGLUTINA- | METRIC OF HEMAGGLUTINA-| METRIC | OF 
TION TITER AVERAGE | RANGE SERA a TION TITER ail AVERAGE hi RANGE SERA 

1:10-1:80 1.04 0.26-3.0 8 |0-1:20 2.6-10.0 4.2 12 
1:160-1:640 0.38 0.17-0.7 9 |1:40-1:640 4.2-13.0 8.2 22 

1 :1280-1:5120 0.20 0.029-0.41 5 11:1280-1:5120 14.0-26.0 20.1 4 


*Determined by the method of Litchfield and Wilcoxon.*! 
+Determined for 0.5 ml. amounts of serum by the method of Litchfield.* 














The results of these studies are shown in Table IV, which summarizes a 
portion of the data. Correlation between the results of the HA tests and the 
mouse protective tests could be obtained when sera of low titers were com- 
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pared with those with high titers. Those sera which had HA titers from 1:10 
through 1:80 had an average ED; of 1.04 ml., sera with titers of 1:160 
through 1 :640 had an average ED,, of 0.38 ml., while those with IA titers of 
1:1250 through 1:5120 were able to protect 50 per cent of the mice with an 
average of 0.2 ml. of antiserum. Similarly the time-effect relationship could 
be correlated with the HA titer when high-, intermediate-, and low-titered ser 
were compared. When the log ED;) was plotted against the log of the recip- 
rocal of the HA titer, a loose, linear relationship was observed. A negative 
correlation (—0.58) was observed which, while significant, indicated that only 
one-third of the variation in the values of ED;) could be accounted for by 
variation in titer. Correlation with the ET,;, for 0.5 ml. of antisera was posi- 
tive (0.78) and implied that 60 per cent of the variation of the ET;. was at- 
tributable to the variations of the HA titers. It appears then, that the HA 
test may offer an approximation of the amount of protective antibodies pres- 
ent in the sera of immunized animals. 


SUMMARY 


Fractions have been obtained from saline extracts of acetone-killed cells 
of Past. pestis by (NH,)2SO, or acid precipitation. These fractions (ESF) 
are adsorbed by sheep RBC and cause erythrocytes so treated to agglutinate 
in the presence of antiplague serum. Hemagglutination is more sensitive and 
more specific than bacterial agglutination for the detection of plague anti- 


bodies and may be used as an approximation of the degree of protection ob- 


tained in tests for the efficacy of immunizing agents. 


The technical assistance of Mrs. James Ogg, Russell Cedarlund, 8. W. Freed, and 
Edward Meyers at various stages of the study is appreciatively acknowledged. 
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EVALUATION OF CERTAIN FACTORS WHICH AFFECT THE TITERS 
OBTAINED IN THE WEIL-FELIX TEST 


JOSEPH H. ScHuBERT, PH.D., LILLIAN HOLDEMAN, A.B., 
AND DONALD S. MartTIN, M.D. 
ATLANTA, GA. 


HE need for standardization of materials and methods employed for the 
routine serologic diagnosis of rickettsial diseases was emphasized in 1948 
by the action of the Virus and Rickettsial Disease Section of the Congress on 
Tropical Medicine and Malaria.1_ Felix? also emphasized the need for interna- 
tional standardization of the Weil-Felix test.2 In spite of the development of 
more specific complement-fixing antigens for use in diagnosis of typhus and 
spotted fever, the Weil-Felix test is still a useful diagnostic tool, especially 
since it has been shown that antibiotic therapy may interfere with or prevent 
the formation of complement-fixing antibodies apparently without affecting 
the serologic responses as measured by the Proteus OX-19 agglutination test.*° 
A review of the techniques of performing the Weil-Felix test, as currently practiced 
in various state laboratories,* revealed great variations in the procedures employed. Of 
the thirty laboratories employing the tube test, seven used antigen densities corresponding 
to the McFarland I scale, two specified antigen densities based on the McFarland II scale, 
and seven employed a McFarland III standard. Five laboratories used either commercial 
antigens of unstated densities or some other criterion for determining antigen density. 
No information on antigen density was available from the remaining nine laboratories. 
The water bath temperatures varied from 35° to 56° C., but, in general, sixteen laboratories 
used the higher temperature (45° to 56° C.) and fourteen laboratories incubated the tubes 
at the lower temperature (35° to 37° C.). It was the practice in thirteen laboratories to 
incubate the tubes in the water bath for eighteen to twenty-four hours before reading; in 
two laboratories the tests were read after four to eight hours of incubation in the water 
bath, and in eight laboratories the tubes were incubated in the water bath for two to six 
hours and the titers determined after an eighteen-hour refrigeration period. In Table I 
are presented the techniques used by the fifteen laboratories in which information on all 
of the previously mentioned factors (antigen density, water bath temperature, and incuba- 
tion time) was available. Although no two laboratories employed identical techniques, 
there were three pairs of laboratories (Nos. 5 and 6; 11 and 12; and 13 and 14) in which 
the procedures were essentially the same. 

It was the purpose of this investigation (1) to determine whether or not variations in 
any of the previously mentioned factors (antigen density, water bath temperature, and 
incubation time) could influence significantly the titers obtained in the Weil-Felix reaction; 
and (2) to evaluate the various procedures from the standpoint of their sensitivity and 
specificity. 

From the Communicable Disease Center, United States Public Health Service, Department 
of Health, Education, and Welfare, P. O. Box 185, Chamblee, Georgia. 
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; *We are indebted to Dr. Elberton J. Tiffany, of the Laboratory Branch, Communicable 
Disease Center, for this information. 
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TABLE I, TECHNIQUES EMPLOYED BY FIFTEEN State HEALTH DEPARTMENT LABORATORIES 
IN PERFORMING THE WEIL-FELIX TEST 








ANTIGEN 
DENSITY 


WATER BATH 
TEMPERATURE 


INCUBATION TIMES 
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MATERIAL AND METHODS 


aed 


Sera.—The agglutination tests were conducted on 137 specimens of human serum ob- 
tained through the reference diagnostic service of the Communicable Disease Center. The 
sera were classified into three groups, as follows: (1) thirty-six specimens which were 
submitted with specific requests that antibody studies for endemic typhus fever be per- 
formed and which gave positive complement fixation reactions with the specific rickettsial 
antigen; (2) twenty-nine specimens submitted with requests for typhus fever serology, but 
which gave negative complement fixation tests with the rickettsial antigen; and (3) sev- 
enty-two sera which were referred to the laboratory with requests that serologic tests for 
some other disease such as amebiasis or histoplasmosis be performed, Although no informa- 
tion was available concerning the history or clinical status of the patients from whom the 
specimens were obtained, the sera in Group 1 were considered as coming from patients with 
proved typhus fever and those in Group 2 as coming from suspected cases. 

Antigens.—The strain of Proteus OX-19, obtained originally from Felix, was planted 

2 per cent horse infusion agar in Roux bottles and incubated for forty-eight hours at 
After microscopic examination to determine purity and lack of motility, the organ- 

isms were harvested in 0.5 per cent formalinized saline solution. The suspensions were 
stored in a refrigerator for forty-eight hours and then washed twice with 0.5 per cent 
phenolized saline solution. Antigen densities corresponding to McFarland standards of No. 
I, No. II, and No. III were determined in 0.5 per cent phenolized saline solution by means 
of the Lumetron photoelectric colorimeter. The suspensions were adjusted until their light 
transmission readings were equal to those obtained with the McFarland density standards. 

Agglutination Tests.—In all cases, the agglutination tests were performed by adding 
0.5 ml, amounts of the bacterial suspension to round-bottomed tubes (100 by 13 mm.) contain- 
ing 0.5 ml. volumes of progressively doubled serum dilutions (ranging from 1:10 to 1:5120) 
in physiologic saline solution. 

Eighteen separate series of serum dilutions were prepared for each of the sixty-five 
sera submitted from proved and suspected cases of typhus fever. Thus, each serum was 
tested with three different antigen densities (McFarland I, II, and III), two water bath 
temperatures (37° and 52° C.), and three incubation periods (two hours in the water bath 
followed by twenty-two hours’ refrigeration, four hours in the water bath plus twenty hours’ 
refrigeration, and twenty-four hours’ water bath incubation). The same general pattern 
was followed in setting up the seventy-two control sera except that the procedure of incu- 
hating for four hours in the water bath, followed by a twenty-hour refrigeration period, was 
omitted. 
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A positive reaction was recorded when clumps of agglutinated bacterial cells, after 
agitation, could be observed in a sparkling clear supernatant liquid when read with a 
fluorescent light against a dark background. Titers were recorded in terms of the final 
dilution of serum (1:20 to 1:10,240). 











RESULTS 





The results showed that a single specimen of serum yielded markedly dif- 
ferent titration values according to the particular technique employed, the 
differences being more marked in sera with relatively low titers. In Table I] 
are presented the titers obtained with twelve different techniques on five se- 
lected sera from patients in Group 1 (proved typhus fever). 



















TABLE II. TITERS OBTAINED BY DIFFERENT TECHNIQUES ON FIVE SELECTED SERA FROM 
PROVED CASES OF TYPHUS FEVER 






















































































"SERUM NO. ©=——~Ct‘XST:t~<(CSsé«C<O‘< | 83 «| 48 925 | 64 
AGGLUTINATION TECHNIQUES TITER 
| | INCUBATION 
ANTIGEN | Ww. B. TIME ( RECIPROCAL OF DILUTION ) 
DENSITY | TEMP. | W.B. | ICEBOX 
MeFarland 5 Ge ek 2 22 320 640 160 160 320 
24 QO | 640 640 320 160 640 
Be”) 45. 2 22 640 160 80 160 320 
“4 0 40 Neg. Neg. Neg. 160 
MeFarland =} gal &F 2 22 320 320 160 160 160 
II 24 0 640 320 160 160 320 
b2> a0. 2 22 160 160 40 80 160 
24 0 40 Neg. Neg. Neg. 80 
MeFarland ay” 4. 4 22 320 320 80 80 160 
III 24 0 320 320 160 160 320 
<\ ads @ 2 22 80 80 40 40 80 
24 0 | Neg. Neg. Neg. Neg. 20 
Maximum Titer 640 640 320 160 640 
Minimum Titer Neg. Neg. Neg. Neg. 20 



















Since the data showed that variations in procedure resulted in marked 
differences in titers, comparisons of each technique were made to determine 
whether or not such differences were statistically significant. The method of 
analysis is illustrated by the data presented in Table III, which show the titers 







COMPARISON OF TITERS (FROM PROVED AND SUSPECTED CASES OF TYPHUS FEVER 





TABLE IIT. 








OBTAINED WITH ANTIGENS OF DIFFERENT DENSITY (MCFARLAND I AND Il) AFTER INCUBA- 
TION FOR TWENTY-FOUR HOURS IN THE 37° C. WATER BATH (NUMBERS IN TABLE 
REFER TO NUMBER OF SERA IN EACH CATEGORY ) 
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| | | | | POSITIVE | | | | | 
MCFARLAND NEG, | 1- | 1- 1- | 1. | i. | i + | 1 | i. | "a | 
II 1-20 | 20 | 40 | 80 160 320 640 | 1,280 | 2,560 | 5,120 | 10,240 | TOTALS 
Neg. 1-20 1 i 1 3 
Pos. 1-20 ] 1 2 
1-40 2 5 2 9 
1-80 1 3 7 1 
1-160 7 2 9 
1-320 9 6 8 
1-640 1 7 2 i 
1-1,280 3 1 1 5 
1-2,560 3 1 4 





1-5,120 
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obtained with the McFarland I and the McFarland IT antigens on the sixty-five 
sera from patients with proved or suspected typhus fever. In this comparison, 
the other factors (incubation for twenty-four hours in a 37° C. water bath) 
were the same. For calculation purposes, code numbers were assigned to each 
dilution (negative 1:20 = 0, positive 1:20 = 1, positive 1:40 = 2, and so forth). 
The mean coded value of the titers obtained with the McFarland I antigen was 
4.954 (corresponding to a dilution of 1:310) as compared with a coded mean 
of 4.446 (corresponding to a dilution of 1:220) obtained with the McFarland 
IT antigen. The difference in means was 0.508 or approximately one-half of a 
serum dilution. Because of the wide spread in titers obtained with different 
sera, a difference of this magnitude obviously is of no significance. Inspection 
of the data in Table III, however, shows that the McFarland I antigen gave an 
equal (thirty-one sera) or a higher (thirty-two sera) titer than a McFarland 
IT antigen. In only two instances were lower titers obtained with the McFar- 
land I antigen. Thus, a comparison of the results obtained by the different 
techniques on individual specimens of serum suggested that the higher titers 
obtained with McFarland I antigen were not due to chance variation. This 
was proved statistically by dividing the mean difference (A = 0.508) by the 


. . . : en . Co 
standard deviation of the differences between paired samples e = 0.087 ) 


The value of A/- is 5.8, exceeding by far the figure of 2.5 which is accepted 
generally as indicating statistical significance. 

The mean titers obtained by each of the techniques are plotted in Fig. 1. 
The lines connecting the means indicate the results of statistical comparisons. 


The solid lines connect the means which are statistically significant (42> 
2.5 ) : the broken lines connect the means in which the differences are of border- 


line significance (25 >» A/ > 20 ) , and the dotted lines connect the means 


which do not differ significantly (a/5 < 2.0) ‘ 

Inspection of the data plotted in Fig. 1 shows that the mean titers obtained 
with the sixty-five sera in proved and suspected cases as well as with the seventy- 
two controls rises as the period of incubation in the 37° C. water bath is pro- 
longed. The higher mean titers following longer incubation in the 37° C. water 
bath are significant, or of borderline significance. Conversely, prolonged ineu- 
bation in the 52° C. water bath results in a lowering of the mean titer with all 
antigen densities. In practically all instances, the fall of the mean titer in 
the 52° C. water bath is significant statistically. In every instance, higher 
mean titers were obtained with the McFarland I antigen than with the Me- 
larland II antigen, and the McFarland II antigen gave higher titers than the 
McFarland IIT. Comparisons of means obtained with the seventy-two control 
sera show similar relationships in regard to antigen density, incubation time, 
and water bath temperature. 
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The data show clearly that the highest mean titers are obtained with the 
McFarland I antigen, incubated in a 37° C. water bath for twenty-four hours 
without subsequent refrigeration. It is a logical assumption that this tech- 
nique would be the procedure of choice if one wished to follow changes in titer 
as they occur during the course of the disease or in establishing a serologic 
diagnosis based on changes in titer on different samples of serum obtained at 
appropriate intervals from the same patient. Since most health department 
laboratories receive only a single specimen of serum from a patient, however, 
it was pertinent to re-examine the data from the viewpoint of determining 
which technique would result in agglutination in a satisfactory percentage of 
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HOURS OF INCUBATION IN WATER BATH 








Fig. 1.—Mean titers of 65 sera from cases of proved and suspected typhus fever and 72 
control sera as obtained with McFarland I, II, and III antigens after incubation in 387° C. 
water baths for varying periods of time. All readings made 24 hours after mixing, 2 hours’ 
incubation in water bath, plus 22 hours’ refrigeration; 4 hours’ water bath incubation plus 20 
hours’ refrigeration; 24 hours’ water bath only. Solid lines connect means which differ signifi- 
cantly; broken lines connect means in which the difference is of borderline significance ; dotted 
lines connect means in which the difference is not statistically significant. 














positives and give no agglutination in the majority of control sera. The follow- 
ing data inelude only the sera from Group 1 (proved typhus fever) and Group 
3 (control cases). The technique described previously as the most sensitive 
(McFarland I, incubated at 37° C. water bath for twenty-four hours) gave a 
positive agglutination in titers of 1:40 or higher in thirty-four (94.5 per cent) 
of the thirty-six sera from proved cases of typhus fever. With this technique, 
however, twenty-four, or one-third of the seventy-two control sera, also yielded 
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titers of 1:40 or above. Thus eighty-two (76 per cent) of the 108 sera were 
diagnosed correctly if agglutination at a dilution of 1:40 is selected as the eriti- 
cal level. 

The three procedures which gave the correct diagnosis in more than 90 
per cent of the sera are presented in Table 1V. The data show that the tech- 
nique employing either the McFarland II or the McFarland III antigens and 
incubation in the 37° C. water bath give the most satisfactory correlation. 
Only three sera from the thirty-six proved cases of typhus fever gave negative 
reactions in all three procedures. Two of these three sera also gave negative 
results when tested with the most sensitive technique (McFarland I, 37° C. 
water bath incubation for twenty-four hours) and the remaining serum (No. 
66) gave the minimum titer of 1:40 with the latter technique. Of the four 
control sera which gave positive results with the McFarland II antigen, three 
gave titers of 1:160 and one a titer of 1:40 with the most sensitive procedure 
employing the McFarland I antigen and twenty-four hours’ incubation at 37° C. 


TABLE IV. TECHNIQUES GIVING CORRECT DIAGNOSIS (POSITIVE AGGLUTINATION IN 1:40 OR 
HIGHER SERUM DILUTION FROM PROVED CASES OF TYPHUS FEVER AND A NEGATIVE 
REACTION IN A 1:40 SERUM DILUTION FROM CONTROL CASES) IN 90 PER CENT OR 
MORE OF THE 108 SERA TESTED 








36 SERA FROM 
TECHNIQUE PROVED CASES 72 SERA FROM TOTAL SERA 
INCUBATION PER CONTROL CASES NO. COR- PER CENT 
ANTIGEN | W.B. TIME NO. CENT NO. | PER CENT RECTLY CORRECTLY 
DENSITY | TEMP. | W.B. | ICEBOX | POS. POS. NEG. | NEG. | DIAGNOSED | DIAGNOSED 
MecFar- 3a GG; 2 22 33 91.8 69 95.8 102 94.4 
land IIT 24 0 oo 91.8 67 93.1 100 92.6 
MeFar- an 2 22 33 91.8 68 94.5 101 93.5 
land IT 
































The same method of analysis applied at critical serum dilution levels of 


1:20 and 1:80 resulted in over-all percentage figures which were much lower. 


DISCUSSION 

The distinet need for standardizing the technique of the Weil-Felix test is 
illustrated by the data presented in Table II, which show that a weakly posi- 
tive serum may give titers ranging from negative to 1:640, depending upon 
the method of performing the test. Consequently, the reporting of a titer on 
a single specimen of serum has little informative value to the physician unless 
he is familiar with the particular technique employed by the reporting labora- 
tory, and it would appear to be worth while for an effort to be made in the 
direction of standardization of procedures for performing the Weil-Felix test. 

Serologic tests are extremely valuable diagnostic tools if the results are 
interpreted in terms of the clinical condition of the patient. Unfortunately, 
there is an inereasing tendency among many physicians to place too much 
reliance on the results of serologic tests in establishing the diagnosis of an 
infectious disease. The serology laboratory can be of great assistance to the 
physician, both in the diagnosis and in estimating prognosis, but only if signifi- 











2900 SCHUBERT, HOLDEMAN, AND MARTIN J. Lab. & Clin. Med 


August, 1954 


eant changes in titer are observed in serum specimens obtained from the pa- 


— 


tient at appropriate time intervals during the course of illness and convales- 
cence. Such a principle has been established in the field of virus serology. 

The results of the experiments presented suggest that changes in titer of 
the Weil-Felix reaction could be determined more accurately if the most sensi- 
tive technique (McFarland I, 37° C. water bath incubation for twenty-four 
hours) was employed. The situation in most state health department laboratories 
where only one specimen of serum is submitted, however, indicates that an 
antigen density corresponding to the McFarland II or McFarland III scale is 
optimal, since it eliminates a large number of sera which would be reported 
positive with the McFarland I antigen. 

Ineubation in a 52° C. water bath has a definite effect in lowering titers 
obtained, especially when incubation is continued for twenty-four hours. Pro- 
longed ineubation at 52° C. is extremely effective in reducing the number of 
false positive reactions but this advantage is outweighed by the fact that 40 
to 50 per cent of sera from patients with proved or suspected typhus fever 
give negative results in a 1:40 dilution. 

The results reported with the Weil-Felix test are similar to those reported 
previously from this laboratory” * in studies of factors affecting the agglutina- 
tion test for brucellosis, and it is believed that efforts to standardize the tech- 
niques for other “febrile agglutination” tests are in order. 


SUMMARY AND CONCLUSIONS 

Weil-Felix tests were performed on sixty-five sera from patients with 
proved or suspected typhus fever and on seventy-two sera from patients who 
were suspected of having other illnesses. 

The titer of each serum was determined under a variety of conditions 
simulating those which are in current use in many state health department 
laboratories. Depending upon the particular procedure followed, titers rang- 
ing from negative in a 1:20 serum dilution to positive in a 1 :640 dilution were 
obtained on the same specimen of serum. 

The effects of antigen densities, water bath temperatures, and incubation 
times on the mean titers were determined and the results were subjected to 
statistical analysis. 

The highest titers were obtained with the technique employing the least 
dense antigen (McFarland I) and incubating the tubes for twenty-four hours 
in a 37° C. water bath. It is suggested that this procedure would be optimal 
for observing changes in titer during the course of the disease. This method 
is not satisfactory for testing single specimens of serum, however, because of 
the large number of positive reactions with sera obtained from patients with 
other infections. 

The most satisfactory technique is that which employs an antigen density 
corresponding to McFarland II or McFarland III and a two-hour ineubation 
period in a water bath at 37° C., followed by refrigeration for twenty to 
twenty-two hours. 
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THE RELATIONSHIP OF “ATYPICAL” ACID-FAST BACTERIA TO 
HUMAN DISEASE 
A PRELIMINARY REPORT 


AuicE Timpr, M.A., anp Ernest H. Runyon, PH.D. 
ATLANTA, GA. 


CID-FAST bacteria other than the known human and bovine tubercle 
A bacilli are not infrequently isolated from patients with pulmonary dis- 
ease. These organisms, being commonly chromogenic and nonpathogenic for 
guinea pigs, are usually considered to be saprophytes.t Nevertheless, observa- 
tions by various workers strongly suggest that certain organisms of the “sap- 
rophytic” type may be etiological agents of human disease. Apart from those 
that have been isolated from superficial lesions,?"** others have been found in 
conjunction with lipoid pneumonitis and with other pulmonary infections.’°""" 
Recently similar organisms have also been isolated from diseased human lung 
tissue.1® 1° 

For the past two years a series of strains of as yet unclassified acid-fast 
bacilli have been studied in this laboratory. This article presents a tentative 
grouping of these organisms and a preliminary analysis of their relationship to 
human pulmonary disease. 

For purposes of convenience the term “atypical” is applied to these 
organisms throughout the text to indicate that they are unlike Mycobacterium 
tuberculosis, but not to imply relationship to them since to date there is insuf- 
ficient evidence to decide this point. 


MATERIALS AND METHODS 


Atypical acid-fast bacteria from 120 patients, all thought or known to have pul- 
monary disease, have been examined. Of these, detailed cultural studies have been carried 
out on 88, and 41 have been checked for animal virulence. Fifty-one of the 88 strains are 
from the Kansas City area, constituting representatives of most, if not all, of the types of 
acid-fast organisms other than typical human strains isolated at the Kansas City General 
Hospital* during the period 1949 to 1952. The remainder of the strains include thirty-one 
from Georgia and one or two each from Florida, Tennessee, Pennsylvania, and Wisconsin 
(Table I). This geographical distribution is fortuitous, since no effort has been made to 
obtain representative sampling. Ninety-three of the strains were isolated from original 
specimens. The remainder were isolated by others and sent to this laboratory as pure 
cultures, All isolations in the Kansas City and Georgia laboratories were made with the 
sodium hydroxide-concentration procedure.2° As indicated in Table II, most of the speci- 
mens were sputa or gastric washings, a few were bronchial aspirate or pleural fluid, and 
eight were resected human lung tissue, including the two strains reported by Buhler and 
Pollak.18 Approximately one-third of the patients were hospitalized in tuberculosis 


sanatoria. 


From the Tuberculosis Research Laboratories, Veterans Administration Hospital, Atlanta, 
Ga. 

Received for publication, April 27, 1954. 

*The hospital laboratory furnishes diagnostic services to a number of other facilities in 
the area including a chest clinic and the city tuberculosis sanatorium; and one of us (A. T.) 
isolated the organisms while working in the laboratory. 
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TABLE I, GEOGRAPHY OF STRAINS STUDIED 








GROUPS 

GEOGRAPHIC SOURCE 8 
Kansas City area é 67 
Georgia } 13 
Florida 1 
Tennessee 2 
Pennsylvania 1 
Wisconsin pa 














TABLE II, SOURCES OF STRAINS OF ATYPICAL ACID-FAST BACTERIA 








GROUPS 
II 
Cases : 84 
Sources 
Sputum 
Gastric washing 44 
Bronchial aspirate = 
Pleural fluid ‘ 1 
Lung tissuet 
Unknown 2 
Positive direct smears 19/25 6/33 2/2 
Average no. colonies—primary isolation > 50 < 10 > 50 
No. strains checked 25/33 57/84 3/3 
Isolated from successive specimens 25/27 18/62 3/3 
M. tuberculosis recovered from same patient 0/33 23/84 0/3 


*Includes the two cases positive also from pleural fluid and three of those from lung 
tissue. 
yAn eighth pulmonary organism could not be classified. (See text.) 

















For comparison, strains of human, bovine, avian, and vole tubercle bacilli and three 
strains of saprophytes designated as phlei, butyricum, and smegmatis were studied. 

Stock cultures have been maintained and colonial characteristics have been studied 
on Lowenstein-Jensen medium.19 Youman’s modification of Proskauer and Beck medium! was 
used for study of growth in liquid culture. Animal inocula were grown in Dubos’ Tween 
albumin medium.1 

The in vivo studies were made in guinea pigs and mice. Inocula were prepared from 
8- to 10-day-old cultures. Guinea pigs were injected subcutaneously with 1 mg, and dba 
mice intravenously with 0.2 mg. of organisms, standardization of inoculum being made 
with the Hopkins tube method.1 At least one guinea pig and three mice were injected 
with each culture. In many cases other guinea pigs had been inoculated with the original 
specimen or concentrate from this, or from primary culture. Tuberculin tests were made 
on the guinea pigs four and eight weeks after inoculation using 0.1 ml..of O.T. Lesions 
were sought on death or after killing at 8 to 10 weeks by both gross inspection of organs 
and microscopic examination of histologic preparations. Acid-fast organisms were sought 
by direct smear, in tissue sections and by culture of various organs. 

A detailed description of the cultura] studies, animal virulence, and tissue pathology 
will be presented in a subsequent publication. 


RESULTS 


All of the strains are bacilliform and acid-fast. The atypical strains also 
resemble typical tubercle bacilli in rate of growth on primary isolation, but 
they differ from them in that the colonies are generally smooth and more or 
less yellow. Most of them disperse readily in saline solution, grow as a soft or 
Somewhat granular sediment in Proskauer and Beck broth under a clear super- 














204. TIMPE AND RUNYON 





August, 1954 


natant layer, and have very little, if any, virulence for guinea pigs. On the 
other hand, they differ from the saprophyte controls, with minor exceptions, in 
rate of growth and colony type. Similarities to the vole bacillus and to that 
of avian tuberculosis exist and are discussed in this report. 

Three principal colony patterns appear. The colonies of one group (I) 
commonly are buff or cream colored, a yellow color often developing later. 
Pigmentation is apt to be more pronounced after the cultures have stood for 
a day or so at room temperature, and is somewhat variable even in the same 
strain. Colonies of a second group of strains are usually yellow when growth 
is first visible, become darker yellow or orange with age, and form a yellow 
‘ather than a white sediment in Proskauer and Beck liquid medium. Some 
strains of both groups are slower-growing than the others and have smaller 
colonies. While the colonies of Groups I and II are predominantly smooth 
with entire or only slightly irregular edges, a small number of strains were 
obtained (Group IIT) which are consistently rough in texture, do not disperse 
in saline solution, and appear very much like human tubercle bacilli in these 
respects. They develop yellow pigment after standing at room temperature. 

Individual cultures vary somewhat in pigmentation and in degree of 
smoothness; e.g., a few of the Group I strains occasionally develop an orange 
tinge on standing at room temperature, while some of Group II do not. 

Although the validity of this grouping, provisionally set up on the basis 
of colonial characteristics, has been confirmed by certain aspects of these viru- 
lence studies, further data, including immunologic testing, will be required for 
its ultimate confirmation. 


TABLE III. ANIMAL VIRULENCE AND RESPONSE TO O.T, 








| I I III | 

| BUFF OR | YELLOW- | BUFF- 
GROUP OR SPECIES | YELLOW, | ORANGE, | YELLOW, | HUMAN 
COLONIAL FORM | SMOOTH | SMOOTH | ROUGH | MURINE | AVIAN | (H387RV) 





Guinea pigs 
1 mg., subcutaneously 
Tissue lesions 0/21 0/16 0/3 0/1 0/1 1/1 
Tuberculin reaction 
10 mg., O.T. 








Strains positive 2 1 3 1 1* 
Strains doubtful 7 3 
Strains negative 12 12 1 
Mice 
0.2 mg., intravenously 
Tissue lesions 21/21 0/17 3/3 1/1 1/1 a4 





The fractions denote the number of strains producing lesions per number tested rather 
than the total numer of animals tested. 
*A 4-plus reaction; other positive reactions were graded 1 plus. 


The atypical strains tested have no‘virulence for guinea pigs comparable 
with that of human type tubercle bacilli (Table III). In eight weeks no le- 
sions are found in liver, spleen, kidneys, or lungs, while one-tenth as great an 
inoculum of a standard human strain regularly produces massive lesions and 
usually death in a shorter period of time. Cultures from the organs of guinea 
pigs eight weeks after inoculation with the atypical strains are regularly nega- 
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tive except for occasional slants planted with spleen-digest material. These 
have been of the same type as the organisms inoculated, never tubercle bacilli. 
Histopathologic study of the organs reveals no lesions. A transient swelling of 
a regional lymph node is the only manifestation of virulence shown by these 
organisms. Tuberculin tests were negative except for six weakly-positive re- 
actions. 

On the other hand, in mice the organisms of Groups I and III are found to 
cause pulmonary disease which is sometimes fatal and regularly associated at 
ten weeks with gross lesions in the lungs. Human, avian, and vole bacilli cause 
similar disease. The strains causing lung lesions also often produce pathologic 
changes in other organs including liver, spleen, and kidneys. In tissue sec- 
tions, acid-fast organisms are seen in the lesions. The strains of Group II, on 
the contrary, like the known saprophytes tested, produce neither gross nor 
microscopic lesions. Cultures from mouse organs showing lesions are consist- 
ently positive for the type of organisms inoculated, while positive cultures 
were only occasionally obtainable from mice given Group IT bacilli. 

The clear-cut difference in mouse virulence between Group II and the 
other groups stimulated investigation of the sources of these cultures. Of 
84 patients contributing organisms of Group II, 23 also at one time or an- 
other are known to have had cultures positive for M. tuberculosis, suggesting 
that in these cases the chromogens were not the primary etiological agents. It 
is noteworthy that in contrast none of the patients contributing cultures of the 
other groups have ever been shown to harbor true tubercle bacilli (Table II). 
In some eases intensive tests involving large numbers of guinea pigs were 
made in attempts to demonstrate possible concurrent infection with M. tuber- 
culosis. 

Again Group II differs in regard to multiple isolations from the same pa- 
tient (Table Il). Of thirty-eight patients of Group II for whom data are 
available, only seven have been found to have the yellow-orange mycobacte- 
rium in repeated series of specimens; whereas, twenty-three of twenty-six pa- 
tients of the other groups repeatedly submitted specimens positive for the same 
strain. Some patients are known to have harbored one strain of atypical 
organisms for two or more years. 

Sputum smears from patients from whom no typical tubercle bacilli had 
been isolated by culture were positive for acid-fast organisms in only six of 
thirty-three patients of Group II, but in twenty of twenty-six patients of the 
other groups, suggesting a smaller average concentration of bacilli in the speci- 
mens of Group II. This is confirmed by the fact that the six smears that were 
positive contained only a very few organisms, and further, there were fewer 
colonies per culture in primary isolations of Group II strains. The predomi- 
nanee of gastric specimens as sources of Group II organisms is also noteworthy. 

Of the eight strains isolated directly from diseased human lung tissue, seven 
conform to the colonial pattern of Group I rather than to Group II. The 
eighth has thus far not been successfully classified in this respect, although it 
lacks virulence for mice. Of the seven Group I strains, three were from autop- 
sies following death from pulmonary disease and four were from lobectomies. 
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Three of the latter and one of the autopsied cases had had sputa repeatedly 
positive for the same type of organism. Two other patients having organisms 
of Group I are known to have had lobectomies; but while acid-fast organisms 
were seen in sections of the diseased lung tissue, one of these specimens was 
not cultured”! and attempted culture of the other was negative.” 









DISCUSSION 










Review of the sources of the strains indicates that while it is not at all im- 
possible that Group II may include some pathogens, greater interest in this 
respect lies in the other groups. The sources of the latter strongly suggest 
that their virulence for mice is not a mere fortuitous circumstance. 

Unless an opportunity for experimental inoculation of man presents it- 
self, evidence for the pathogenicity of these atypical strains must remain in- 
complete. It would be a grave error, however, to ignore them. That they are 
closely associated with pulmonary disease in man is shown by the many eases 
of pulmonary infection which have been positive for these strains repeatedly 
over a long period of time, by the isolations from pleural fluid and diseased 
lung tissue, and by the demonstration of the organisms in tissue sections of 
diseased human lungs. While it is possible that other pathogens may have 
been responsible for the disease in these patients, bacteriologic confirmation is 
lacking. True tubercle bacilli were never recognized on culture, and guinea 
pigs failed to develop tuberculosis whether inoculated with original specimens 
or with large inocula of the isolated acid-fast organisms. Other possible 
pathogens, bacterial or fungal, were not isolated in previously reported 
eases'® 1° nor in those of the present investigation. The symptoms and signs 
are for the most part those of tuberculosis, but it is to be noted that the tuber- 
eulin reaction has not always been found to be positive in man’® ** or in the 
inoculated guinea pigs in this series. 

The identity of these strains of mycobacteria remains to be determined. 
While some of the strains resemble murine or avian bacilli both culturally and 
in preliminary animal tests, much more investigation will be necessary to de- 
fine their relationship to described species. It is not impossible that a few of 
the cultures may be variants of known human tubercle bacilli, although evi- 
denee for this is lacking at this time. Most, if not all, of the strains are so 
distinct from the human type that these types are usually reported as sap- 
rophytes. 

Strains corresponding to the mycobacteria dealt with here have certainly 
been studied innumerable times in the past. Most of the atypical organisms 
described by Jensen and Frimodt-Moller* and extensively studied by Griffith’ 
were thought to be variants of mammalian tubercle bacilli and were atypical 
either in cultural characteristics or virulence, but not both. Yegian and 
3udd?* have recently described strains which were typical culturally but 
lacked virulence for guinea pigs, did not form the type of cords typical of 
virulent human strains, and were comparatively resistant to PAS and other 
drugs. The strains of Baldwin** and Warring® may belong in Group IT; those 
of Pinner”® and of Rothstein and Pirkle?’ are difficult or impossible to classify 
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from the data given. Mycobacteria apparently corresponding to strains of 
Group I inelude those studied by Beaven and Bayne-Jones,!® Branch,'* Feld- 
man and associates** and more recently by Hall and Erlandson.’® The appar- 
ent discrepancy between the rapid rate of growth reported by Beaven and 
Bayne-Jones’® and the rate observed in the Group I organisms may well be a 
matter of interpretation. Their description of good growth in seven days is 
comparable with the performance of several of our strains. Feldman’s case 
was diagnosed as having far advanced silicotuberculosis and was observed 
over a period of more than ten years. The patient’s wife and the seven of his 
children with whom he had presumably been living were tuberculin-negative. 
The bacteria repeatedly isolated from the patient seem clearly to be of the 
same character as those of Group I, although no tests in mice are reported. 
Branch studied several strains derived from a variety of human disease proc- 
esses (including those of Beaven and Bayne-Jones,‘> Cummins and Wil- 
liams,?* Griffith,?® and Steenken and Landau*®® and found that some of them 
produced lesions in mice, especially in the kidneys. His recommendation that 
mouse-testing be used to distinguish significant from probably saprophytic 
chromogens has been largely ignored. 


Some of the mycobacteria found associated with superficial lesions in man 
are virulent in mice but otherwise clearly distinct from any of Groups I-ITI.1°-?? 
The organism described by Moore and Frerichs* is apparently also of a differ- 
ent type. 

Gibson thought his fatal case to have been the result of synergism of 


aspirated fat and a saprophytic Mycobacterium, but Lominski and Harper*! 
found the strain to be highly virulent for mice. While the possibility of such 
synergism in his case and that of the others that he cites is not to be doubted, 
it is improbable that aspirated lipoidal material will be implicated in all cases. 
However, this is one of many factors which requires further extensive investi- 
gation. 

Since virulence is a relative rather than an absolute quality, any species 
of Mycobacterium may give evidence of some virulence if inoculum and other 
conditions are adjusted. This dose factor is a possible explanation of various 
apparent discrepancies in the literature. Thus, in one instance relatively mas- 
sive inocula were virulent for guinea pigs,*? while others have not defined the 
dosage employed.’® With large inocula (5 to 25 mg.) Tarshis and Frisch*? 
have in fact been able to distinguish between chromogens from human material 
and known saprophytes on the basis of guinea pig virulence. It is not unlikely 
that by use of five or ten times the amounts employed in this laboratory, the 
strains of Group IT eould be distinguished from the others, since the former 
may well be less virulent for guinea pigs. Collins** recommends a heavy 
inoculum in order to minimize the possibility of the masking of true tubercle 
bacilli by chromogens. 

The course of disease associated with the atypical organisms may be 
rapidly fatal, or chronic, running a debilitating course over many months. 
Therapy has been that applicable to tuberculosis and, in general, response has 
heen good, 
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Preliminary testing of a limited number of the strains by others** and in 
this laboratory indicates that the organisms aré more resistant to antitubercu- 
losis drugs than are control human organisms. However, the data on this point 
are still inadequate to permit definite conclusions. 








SUMMARY 










Acid-fast organisms differing from known human or bovine tuberculosis 
strains have been isolated from eighty-eight patients. Although some appear to 
be intimately associated with pulmonary disease in man, none was virulent for 
guinea pigs inoculated with 1 mg. of organisms. 








It was possible to divide the organisms tentatively into three groups on 
the basis of colonial characteristics. Two of the groups (I and III) were found 
to be virulent for mice while the other was not. 






The taxonomic identity of the organisms described has not yet been es- 
tablished. Colonial and growth characteristics of the three groups are de- 
scribed. Certain of the strains show some resemblance to avian or vole bacilli. 







The organisms displaying mouse virulence are characterized by repeated 
occurrence over long periods of time in sputa from the same patients, none of 
whom were found to have coneurrent infection with J. tuberculosis. Seven of 
these strains were found directly in diseased human lung tissue. Twenty-four 
of these strains were tested for virulence in mice, and all caused lung lesions. 
On the other hand, seventeen strains of Group IIT showed no virulence for mice 
and were not as consistently associated with human disease. These organisms 
were found in lower concentration in original specimens and a greater propor- 
tion of them was isolated from gastric washings. Furthermore, several were 
from patients harboring typical tuberele bacilli as well. 

In the light of these findings, discard of an acid-fast organism isolated 
from a patient with pulmonary disease because it fails to fit the cultural or 
virulence pattern of J/. tuberculosis does not appear justified. 














We are indebted to all those who have sent us cultures, especially Dr. Ingrid Stergus 
and C, E, Smith of Battey State Hospital, Rome, Ga. We gratefully acknowledge the assist- 
ance of Dr. Hamilton Murray, Dr. Morris Tager, and Dr. John H. Peters. 
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THE EFFECT OF CORTISONE ON VASCULAR REACTIVITY: IN VIVO 
OBSERVATIONS USING THE RABBIT EAR.CHAMBER TECHNIQUE 


CHARLES D. WiLLiAMs, JR., M.D.,* Kincspury G. HEIPLE, M.D., AND 
Ropert H. Espert, M.D. 
CHICAGO, ILL. 


INTRODUCTION 


HE adrenocortical steroids have two important effects on small blood ves- 

sels: first, they play a role in the maintenance of normal vascular tone, 
and second, they alter the reactivity of small blood vessels to a variety of in- 
flammatory stimuli.’ 

The mechanism of these actions is not known, but the question arises: Does 
cortisone render arterioles more sensitive to vasoconstrictive substances such 
as norepinephrine and less sensitive to histamine? 

The purpose of these experiments was an attempt to answer this question 
by determining the reactivity of arterioles to norepinephrine and histamine 
before and after cortisone, using the rabbit ear chamber technique. 


METHODS 


The rabbit ear chamber, first described by Sandison,® provides a thin layer of living 
vascularized tissue 40 to 50 yw thick with well-differentiated arterioles, capillaries, and 
venules. The type of ear chamber used in the present experiments has been described in 
a previous publication.?7 For the purpose of these experiments, observations were made on 
arterioles 15 to 30 w in diameter (Fig. 1, 4). It should be emphasized that these are ter- 
minal arterioles with a muscular coat one cell thick. To make the observations as constant 
as possible, serial observations before and after cortisone were made on the same segment 
of vessel. An eyepiece micrometer was used to measure the caliber of the vessels. 

The rabbits were anesthetized by intraperitoneal sodium pentobarbital, usually in a 
120 mg. dose. Preliminary experiments showed this to be necessary to eliminate reflex 
constriction of the vessels to auditory and tactile stimuli and to reduce spontaneous vaso- 
motion of the vessels. After securing the animal to a specially designed board, an intra- 
venous drip of saline was started into the marginal ear vein of the free ear with 
a polyethylene catheter connected by means of a three-way stopcock to the infusion. The 
norepinephrine or histamine could be injected readily into the circulation through the side 
arm of the stopcock. The polyethylene tubing caused little damage to the vein, the same 
vein being used repeatedly for several experiments before becoming thrombosed. 

Observations were made on the response of arteriolar segments to intravenous nor- 
epinephrine and histamine before and after treatment with cortisone. Cortisone was given 
intramuscularly in three-day courses of 10 mg. daily, the observations being made on the 
fourth day. As variations, two trials were made after four days of therapy, one animal 
was treated with 5 mg. daily for three days, and one trial was made two hours after the 
last cortisone injection rather than the following day. Fresh dilutions of norepinephrine 
and histamine were made up for each experiment and measured quantities were injected 
into the side arm. The volume injected ranged between 0.1 and 1.0 ml. The volume of so- 
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Fig. 1.—The effect of norepinephrine before cortisone treatment; A = arteriole; H = 
endothelium; V = venule; ZL = lumen; R = erythrocyte; M = muscular wall of arteriole. 

A, Arteriole (A) and venule (V) before injection of norepinephrine. Note very rapid 
flow in arteriole producing streaked appearance. 8B, After intravenous injection of 3.2 ue of 
norepinephrine the arteriole (A) shows some constriction. The venule (V) is partially emptied 
and a portion of the wall of the venule is retouched for identification. C, Still further con- 
striction of the arteriole after injection of 16 wg of norepinephrine. Although flow continues 
in the arteriole, it is considerably slowed. D, This photograph was taken 3 to 4 seconds 
following Fig. 1, C, demonstrating the norepinephrine end point. The wall of the arteriole is 
retouched to demonstrate the muscular coat (M), endothelium (#) and lumen (ZL). Above 
and below the retouched area it can be seen that the lumen has been completely occluded, 
causing a complete cessation of flow with trapping of erythrocytes (R). (Magnification x250; 
reduced 4.) 
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lution, per se, had no effect on the reaction. If the arbitrarily selected end point respons: 
was not reached, the dose was doubled, this procedure being repeated until an end point 


was reached. 

The response to each injection was timed by a stop watch, the usual reaction time 
being 10 to 20 seconds after the injection, depending on the animal, size of the vein, speed 
of the intravenous drip, etc. Room temperature, temperature of the infusion, and other 
conditions of the experiment were kept as constant as possible. <A protocol of a typical 
experiment is shown in Table I. 

It was found that norepinephrine caused constriction of the arterioles of a magnitude 
proportional to the dose injected. This is demonstrated in Fig. 1. Fig. 1, A shows an 
arteriolar segment before norepinephrine was administered, Fig. 1, B shows the maximum 
constriction after 3.2 wg of norepinephrine, Fig. 1, C shows partial constriction after 16 
ug and Fig. 1, D, taken 3 to 4 seconds after the previous photograph, shows complete con- 
striction of the same arteriolar segment. 


Fig. 2.—The effect of histamine before cortisone treatment; A = arteriole; V = venule. 


A, Arteriole and venule before intravenous injection of histamine. Previous injections 
of norepinephrine have caused a gradual increase in arteriolar tone. Compare with Fig. 1, A. 
B, After injection of 80 wg of histamine the arteriole dilates widely. (Magnification 250; 
reduced 4.) 


The rate of blood flow through the arteriole was slowed in proportion to the magnitude 
of the constriction. Often, slowing was preceded by a transitory increased rate of flow 
lasting a few seconds and associated with a secondary bulging of the vessel. The duration 
of constriction varied with the dosage but averaged about 10 seconds. This was some- 
times followed by a transient hyperemia Jasting a few seconds. The procedure could be 
repeated in two or three minutes without change in the eftect, although it was observed 
that after successive doses of norepinephrine, the tone of the arteriole gradually increased 
(Fig. 2, A is the same arteriole shown in Fig. 1, A, but the tone has increased with re- 
peated injection of norepinephrine). Because of this gradual increase in tone, it. was de- 
cided to use complete constriction with transitory cessation of flow as the end point most 
easily reproduced (Fig. 1, D). During any given run this end point remained the same, and 
could be confirmed by repeated tests. 
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TABLE I, Prorocon OF A TYPICAL EXPERIMENT 















































VOLUME ONSET— 
INJECTED (SEC, AFTER 
TIME | DRUG | (ML. ) MICROGRAMS INJ.) COMMENT 
11:40 N-B 0.1 0.4 — No effect 
11:42 N-B 0.2 0.8 15 Slight constriction with slowing of flow 
11:44 N-B 0.4 1.6 19 Slow constriction with slowing of flow 
11:46 N-B 0.8 3.2 14 Good prolonged constriction with marked 
slowing of flow 
11:50 H-B 0 neat No effect 
11:52 H-B 0.2 2.0* 11 Transient constriction with slowed flow 
followed by wide dilatation 
11:54 H-B 0.4 4.0 11 Same response as above 
11:56 N-B 0.8 3.2 15 Prolonged constriction with slowing of 
flow 
11:58 N-A 0.2 8.0 15 Marked constriction, flow nearly stopped 
12:00 N-A 0.2 8.0t 15 Marked constriction, flow stopped 
12:02 N-A 0.2 8.0 14 Marked constriction, flow stopped 





Animal No. 204. 

Date 8/5/53. 

Age of chamber: 29 days. 

Anesthesia: Sodium pentobarbital 120 mg. 

Type of run: Control. 

*Histamine end point. 

+Norepinephrine end point. ; 
N-A: “Levophed” (Winthrop-Stearns) diluted so that 1.0 ml. equals 40 ug 
N-B: ‘“Levophed” diluted so that 1.0 ml. equals 4.0 ug 

H-A: Histamine Acid Phosphate (Lilly) diluted so that 1.0 ml. equals 100 wg base 
H-B: Histamine Acid Phosphate diluted so that 1.0 ml. equals 10 yg base 


RESULTS 





A summary of the results can be found in Table II. <A total of nine rab- 
bits was used. From three to six sets of observations were made on each ani- 
mal, at least two of these being controls. There was a total of twenty-three 
control runs and fourteen runs after cortisone treatment. 


The cortisone-treated animals showed an inerease in arteriolar tone as 
compared with control observations. This was demonstrated by measuring 
the diameter of the lumen and the outer diameter of arteriolar segments before 
and after cortisone. The contraction of these diameters averaged about 6 pu 
(compare the diameter of the arteriole in Fig. 1, 4 with the same arteriole in 
Fig. 3, A). 

The control responses to norepinephrine were fairly variable from day to 
day, making corresponding changes after cortisone less significant; thus the 
majority of responses after cortisone are not significantly different from con- 
trol levels. Nevertheless, in a few instances there was an increase in threshold 
response to norepinephrine of such a magnitude as to be considered significant 
(No. 178 on 2/16/53, No. 179 on 1/19/53, No. 189 on 1/13/53 and 3/16/53). In 
only one instance was there significant lowering of the threshold (No. 206 on 
8/8/53). 

As stated previously, the histamine end point was quite indefinite and 
variable. Beeause of this, there was a great difference in control values in 
many instances, making any effect due to cortisone difficult to evaluate. In 
general, the threshold of response was either elevated or unchanged after 
‘cortisone. In no instance was it lowered. 


~ 
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TABLE II 




































| NOREPINEPHRINE END POINT HISTAMINE END POINT 
( MICROGRAMS ) (MICROGRAMS) 
ANIMAL | DATE CONTROL | TREATED CONTROL | TREATED 
178 12/12/52 8.0 1.0 
12/20/53 20.0 5.0 
2/16/53 160.0* 10* 
3/10/53 32.0 10 











12/15/52 : 
1/ 7/53 4.0 
1/19/53 160.0 20 


12/13/52 


me bo 
bo 













1/13/53 80.0 40 
1/28/53 16.0 5.0 
2/10/53 4.0 2.5 






3/16/53 


5/28/53 
6/ 1/53 3.2t 100 
6/15/53 16.0 40.0 

6/29/53 


8/ 5/53 



















8/ 8/53 16.0 8 
8/13/53 32.0 4.0 

9/17/53 32.0 8.0 

9/22/53 32.0 4.0 

9/26/53 







8/27/53 y 
9/ 1/53 16.0 40 
9/10/53 16.0 4.0 

9/12/53 
8/ 4/53 
8/ 8/53 1.6 8 
8/12/53 
11/23/53 8.0 20.0 


















11/27/53 8.0 20 
12/ 1/58 16.0 ?+§ 
12/ 3/53 8.0 8.0 





12/ 7/53 16.0+ 20t 






212 


ele 


4/13/54 16.0 80.0 

4/17/54 16.0 80 
4/20/54 16.0 80.0 

*Cortisone 5 mg. daily for 3 days. 

7Cortisone 10 mg. daily for 4 days. 

fObservations made 2 hours after last cortisone injection. 

§End point impossible to determine. 
























DISCUSSION 





Our observations show that cortisone increases vessel tone in the normal 
animal. This has been demonstrated pteviously in this laboratory” 2 and else- 
where.*> In addition, it was found that cortisone had no consistent effect on 







arteriolar response to nonepinephrine in normals, the threshold response usu- 
ally being the same as controls (Fig. 1, Fig. 3, A and B) or elevated. There 
was no evidence that responsiveness to norepinephrine increases with cortisone 







treatment. 
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Fig. 3.—The effect of norepinephrine and histamine during cortisone treatment. This is 
the same segment of arteriole shown in Figs. 1 and 2; A = arteriole; M = muscular wall 
of arteriole; Z = lumen; R = erythrocyte; H = endothelium. 

A, Arteriole and venule during cortisone treatment before injection of norepinephrine. 
Note rapid flow in arteriole. B, Injection of 16 wg norepinephrine causes arteriolar constriction 
with oeclusion of the lumen and cessation of flow. Compare with same dosage of norepinephrine 
before cortisone treatment in Fig. 1, D. Again the muscular wall (M), endothelium (BF), 
lumen (L), and trapped erythrocytes (R) are demonstrated by retouching. OC, Arteriole and 
venule during cortisone treatment before injection of histamine. Note increase in arteriolar 
tone as compared with Fig. 1, A before cortisone treatment. D, Intravenous injection of 80 
ux of histamine causes wide dilatation of the arteriole. This is the same dosage which produced 
diiatation in Fig. 2, B before cortisone treatment. (Magnification x 250.) 
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In discussing the interaction of cortisone and norepinephrine on the vas- 
cular system, it is necessary to draw a distinction between the physiologic or 
replacement action of cortisone in adrenal insufficiency and the pharmacologic 
action in normals. There is good evidence that adrenal steroids are necessary 
for vascular response to vasoconstrictor substances such as norepinephrine. 
The ability of cortisone to elevate and maintain the blood pressure in Addison’s 
disease is well known. Observations on the meso-appendix of adrenalecto- 
mized rats® show less tone, no vasomotion, and progressive impairment of re- 
ponse to norepinephrine which can be corrected with topical application of 
adrenal cortical extract. The adrenalectomized rat similarly shows an in- 
ability of muscular vessels to maintain a contracted state in response to epi- 
nephrine which can be restored by cortical extract, cortisone, DOCA, or in- 
creased sodium chloride intake. Adrenalectomized dogs show a decreased 
pressor response to either single injections or continuous infusion of norepi- 
nephrine. Single injections of adrenal cortical extract potentiate this pressor 
reponse to norepinephrine.’*® Experiments on the hamster cheek pouch*® have 
shown a diminished sensitivity to topically applied norepinephrine in adrenal- 
ectomized animals, larger concentrations being required to produce vasocon- 
striction. 

The afore-mentioned experiments concern the effect of replacement therapy 
in adrenal insufficiency and may be contrasted with those in which steroids are 
given to normal animals. For instance, the potentiating action of adrenal 
cortical extract on the pressor response to norepinephrine in the adrenalecto- 
mized dog was not found in the normal dog.'® Observations on the rat meso- 
appendix showed that the enhancement of vasomotion by the injection of nor- 
epinephrine in normal animals was not affected by the injection of adrenal 
cortical extract. The blood vessels in the cheek pouch of the normal hamster 
after cortisone treatment show vasoconstriction and a decreased sensitivity to 
topically applied norepinephrine.* These observations are in line with our 
findings of increased arteriolar tone and either unchanged or decreased sensi- 
tivity to the action of norepinephrine after cortisone treatment of normal rab- 
bits. There is no evidence that the sensitivity of the blood vessels is increased 
to norepinephrine by cortisone, so that the vasoconstriction which appears in 
normal animals under cortisone therapy is not due to any potentiating action 
of norepinephrine on the blood vessels. 

Previous work in this laboratory ? has shown that serum sickness, tuber- 
culous infection, and nonspecific inflammation is manifested by vasodilatation, 
loss of refractility of endothelium, swelling of the endothelium, and leukocyte 
sticking with diapedesis and exudate formation, as observed in the window of 
the rabbit ear. These effects can be quantitatively reduced by cortisone ther- 
apy. The problem arises as to whether any of these effects is due to histamine 
or a histamine-like substance. If so, it would be important to know whether 
cortisone has any blocking effect on vascular response to histamine. 

The intravenous injection of small doses of histamine into normal rabbits 
gives variable and irregular responses. Sometimes the first observable change 
is slight constriction of the arteriole, sometimes it is a slight dilatation, 
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and at other times alternating dilatation and constriction (Table I). As the 
dosage is increased there is usually dilatation (Fig. 2), enhancement of vaso- 
motion, and marked irregularities in flow, ranging from rapid to transient 
cessation and retrograde flow. Because of this irregularity and absence of any 
clear-cut end point as contrasted with the norepinephrine response, any effect 
due to cortisone is difficult to evaluate. In most of the runs, there was no defi- 
nite change in the arteriolar response to histamine (Fig. 2 and Fig. 3, C and 
D); however, in a few isolated instances the threshold seemed to be signifi- 
eantly elevated. 

It has been demonstrated that cortisone administration to rabbits produces 
marked inhibition of the cutaneous histamine response, as measured by diffu- 
sion of Evans Blue dye.1! There is evidence that this effect is due to action 
affecting capillary permeability rather than to retention of dye by altered 
serum. In human beings, cortisone has no effect on the cutaneous histamine 
response.’ Adrenal cortical extract, when mixed with leukotaxine or inflam- 
matory exudate and injected into skin areas of rabbits, inhibits capillary 
permeability as shown by the diffusion of intravenous trypan blue.*? From 
these data one may conclude that cortisone, in rabbits at least, inhibits the 
capillary permeability induced by histamine, but appears to have no clear-cut 
effect on arteriolar response to histamine by cortisone. 


SUMMARY 


A method is presented whereby in vivo arteriolar reaction to norepineph- 
rine and histamine may be quantitatively determined with the rabbit ear cham- 
her technique. In the intact animal, cortisone treatment causes an increase in 
vascular tone. Evidence is presented that this is not caused by an increased 
sensitivity to norepinephrine. There is no regular modification of the vascular 


response to histamine by cortisone treatment. 
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STUDIES ON LEUKOCYTE ALKALINE PHOSPHATASE ACTIVITY : 
RELATION TO ‘‘STRESS’’ AND PITUITARY-ADRENAL 
ACTIVITY 
Wu.u1AM N. VALENTINE, M.D., JAMES H. Fouuerre, M.D., E. BARToN HaArpIN, 
M.D., WituiAM S. Beck, M.D., AND JOHN S. LAWRENCE, M.D. 
Los ANGELES, CALIF. 


REVIOUS studies on quantitative wnit cell leukocyte alkaline phosphatase 

activity in man have indicated marked variations of this constituent in 
various disease states. Leukocyte alkaline phosphatase is consistently low 
in chronic myelocytic leukemia, substantially elevated in polycythemia vera 
with leukocytosis and leukemoid features, and often very high in the presence 
of infection. The latter observation! confirms the qualitative increases in 
alkaline phosphatase observed in infection by Wachstein,* using histochemical 
staining procedures. Further, substantial elevations are also observed in a 
variety of diseases which are not of infectious origin. The observed variations 
are sufficiently great that they permit no rational correlation with variations 
in the numbers of various morphologic cell types in the cell populations an- 
alyzed. For example, mean values in polycythemia vera are twenty fold 
greater than in chronic myelocytic leukemia on a unit cell basis, even when 
differential leukocyte pictures closely approximate each other in the two 
conditions.2 Mean values in a group of subjects with infection are in- 
creased several fold above the normal mean, and this may be true in subsiding 
infections where the total leukocyte count has become normal.’ Stated other- 
wise, the shifts in the differential formula under the impact of infection and 
other disease are inadequate to explain the very great differences in unit cell 
activity. This has prompted the present investigation of the situations in 
which elevated unit cell alkaline phosphatase is increased and the attempt to 
find some common denominator which might integrate the observations. 




















METHODS 





Leukocytes were separated and handled as previously reported.1 The incubation 
mixture for the determination of phosphatase activity has been described in previous 
publications.1 The substrate used was sodium beta-glycerophosphate, pH 9.9, and the 
incubation period, one hour at 37° C. All determinations were performed in duplicate and 
all subsequently reported values for activity are expressed as milligrams of phosphorus 
liberated from substrate in the incubation mixture per hour by 1010 leukocytes. 
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RESULTS 






Normal Subjects—Previous investigation’ has indicated the mean value 





expressed as previously mentioned to be 25.8 and the median 19.4 in normal 
subjects. The range originally reported was 13.4 to 58.0.1. Subsequent ex- 
perience has confirmed this in all essential respects, though with continued 






study some values below the lowest previously reported have been observed. 
The data given previously, however, can be regarded as essentially repre- 






sentative. 

The Possible Relationship of ‘‘Stress’’ to Leukocyte Alkaline Phosphatase.— 
Leukocyte alkaline phosphatase is greatly elevated in many clinical disorders 
where ‘‘stress’’ might be a common denominator. Table I summarizes a num- 
ber of observations in which a wide variety of conditions such as infectious 









processes, operative procedures, acute gout, vascular accidents, trauma, 






erythema multiforme, and pregnancy are shown to result in elevated phos- 
phatase activity. In the interest of conserving space detailed hematological 
findings are not presented on the individual cases. The increased percentage 
of granulocytes, however, and reduced numbers of mononuclear cells present 
in many of these situations was in no way comparable or proportional to the 
very marked elevation of alkaline phosphatase values. Further, in many cir- 
cumstanees, such as in certain of the infections under treatment, and in eases 
of pregnancy, gout, erythema multiforme, cerebral thrombosis, and bleeding 
aneurysm, the total leukocyte count was within the normal range. There ap- 



















TABLE I. ELEVATED ALKALINE PHOSPHATASE VALUES IN MISCELLANEOUS “STRESS” CONDITIONS 


























(NORMAL MEAN = 25.8 NORMAL RANGE = 13.4-58.0) 
| NO. OF 
| DETERMINA- 
CONDITION | TIONS NO. OF CASES | ALKALINE PHOSPHATASE* 

Pneumonitis 9 9 90.8-276.5 (Mean 158.9) 
Meningitis, terminal 2 2 57.6- 66.8 
Acute pharyngitis 2 2 138.2-171.9 
Infected surgical incisions 2 2 115.4-147.1] 
Pneumonitis, empyema i l 193.2 
Pyelonephritis, acute 1 I 113.9 ) 
Appendicitis, acute 2 2 48.3-113.4 
Cholecystitis, acute ] 167.3 : 
Cerebral thrombosis, urinary 

infection l l 70.0 
Myocardial infarction I l 48.8 
Myocardial infarction 3 l 132.9-274.8 
Acute gout ] I 76.7 ‘ 
Pulmonary infarction | 1 96.7 
Ruptured peptic ulcer 3 I 122,4-233.5 
Erythema multiforme ] | 163.0 
Multiple fractures l I 84.4 j 
Pregnancy (3rd trimester ) q 4 41.0- 87.6 (Mean 69.1) 
Cerebral hemorrhage ] ] 254.7 
Bleeding aneurysm 1 I 226.4 
Postoperative cholecystectomy 1 I 148.0 
Postoperative laparotomy 1 l 81.38 ! 
Postoperative appendectomy l 1 35.4 
Postoperative ca. of stomach I l 243.1 
Ruptured appendix and 

subdiaphragmatic abscess 1 1 148.0 








*Expressed as milligrams of phophorus liberated per hour from substrate by 10 leuko 








cytes. 
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pears to be no close correlation of the level of elevation of alkaline phosphatase 
with either total or differential counts. For example, patient W. T., two days 
after a myocardial infaretion, exhibited an alkaline phosphatase value of 
274.8—11 times the normal mean—at a time when the leukocyte count was 
10,200 per cubie millimeter with 66 per cent segmented neutrophiles, 33 per 
cent lymphocytes, and 1 per cent monocytes. The clinical disorders recorded 
in Table I may logically be expected to give rise to increased pituitary and 
adrenal activity but, of course, other factors, such as some form of tissue in- 
jury, are also common to all. 

Leukocyte Alkaline Phosphatase Before and After Surgical Procedures.— 
Since the previous observations represented random studies on individuals 
with a variety of clinical disease, it was determined to study a series of sub- 
jects before and at intervals after operative procedures so that each subject’s 
leukocyte phosphatase value before operation would act as an internal control 
for values obtained subsequently. Results are shown in Table II. Unit cell 


TABLE II. LeUKOCYTE ALKALINE PHOSPHATASE VALUES BEFORE AND AT VARIOUS INTERVALS 
AFTER SURGERY 





~ ALKALINE PHOSPHATASE™ 
inane: % AFTER SURGERY 

BEFORE | _ | oo 6 TO 9 
PATIENT | SURGERY | 24 HR. | 48 HR. 72 HR. DAYS | TYPE OF SURGERY 
A. A. 20.2 39.5 85.7 — 22.7 Subtotal gastrectomy 
DAD: 29.8 — 54.5 27.5 Pilonidal cyst 
se ee 48.8 4 — 132.6 : Resection Ca. bladder 
W. K. 47.7 , — 64. 59.3 Hernioplasty 
R. N. 5.6 32.! 133. Hernioplasty 
i, ON. 50.9 j 59.1 50. Hernioplasty 
O. N. 9.2 38. 46.6 3 Lumbar sympathectomy 
G. M. 22.9 34.! 0. — 35. Transurethral resection 
Gi. Wi. 47.3 8. 230.8 8. Suprapubic prostatectomy 
Ss 9.4 31.é 62.9 3.7 Femoral vein ligation 
Be isis 29.5 24.6 32.9 3. Sequestrectomy 
O. S. 86.0 dd. 188.6 — = Pyelolithotomy 
33.9 J ee 90.9 














Mean 





*EXxpressed as milligrams of phosphorus liberated from substrate per hour per 10” leuko- 
eae infection complicated postoperative period. After controlled, on fifteenth day 
postoperative alkaline phosphatase = 
leukocyte alkaline phosphatase rose after surgery in every case, in most in- 
stances to a considerable degree. It is clear that peak values were not ob- 
tained in the first day after operation, but required at least forty-eight to 
seventy-two hours to reach a maximum. Considering only the nine subjects 
on whom data are available before and at both twenty-four and seventy-two 
hours after operation the mean increase is slightly more than threefold. Six 
to nine days after operation, values are returning in the direction of normal, 
the oustanding exception being a single case (S. K.) complicated by a wound 
infection in the postoperative period. This case, after control of the infection, 
rapidly returned to the base-line value of 9.1 on the fifteenth day after op- 
cration. The latter value represented only one-thirteenth the unit cell activity 

bserved on the eighth postoperative day. 

Fig. 1 summarizes the data on eight representative cases before and after 
‘peration, and includes the mean values of total leukocyte count and per- 
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centage of granulocytes present at the time of the determinations. It will 
be noted that peak leukocytosis occurred twenty-four hours after the pro- 
cedure and that seventy-two hours after operation, when peak phosphatase 
activity was observed, leukocyte counts had returned nearly to base line in 
these subjects. In fact, in only one case was a leukocyte count above 10,000 
per cubic millimeter observed at the seventy-two-hour interval. Shifts in 
the differential formulae were also of very moderate degree. It appears that 





120 ] | | 


38 8 cS) 


to 
o 


SURGERY 








MG. P. LIBERATED FROM SUBSTRATE PER HR. BY I0'° LEUKOCYTES e———=e 








PER CENT GRANULOCYTES *— — —= 


. 
| 

J 
° 
x< 
o 
@ 
= 


| | | | J | i | 
BEFORE 24 48 #72 $96 120 144 #168 192 216 


SURGERY TIME IN HOURS AFTER SURGERY 





Fig. 1.—Mean leukocyte alkaline phosphatase values (expressed as milligrams of phos- 
phorus liberated from the substrate sodium beta-glycero-phosphate per hour by 10% leukocytes) 
before and after operative procedures in eight cases. Mean values for total leukocytes per 
cubic millimeter and percentage of granulocytes are also shown. * = Values in five cases on 
whom data are available 168 to 216 hours after operation. 
operative procedures result in a variable but considerable and consistent eleva- 
tion in unit leukocyte activity to a degree that fails to correlate with any 
morphologie changes in the cell population. Further, although leukocytosis 
and granulocytosis occur rapidly after surgery, the elevation in cell alkaline 
phosphatase activity appears to require time and to increase on the average 
for at least seventy-two hours after operation, persists at elevated levels in 
the presence of complications, and otherwise tends to return in the direction 
of normal over the following several days. 

Leukocyte Alkaline Phosphatase as Affected by ACTH and Adrenal Steroid 
Medication The previously recorded data prompted investigation of the 
effect of ACTH and adrenal steroid medication on unit leukocyte alkaline 
phosphatase activity. Table III records the results employing highly purified 
ACTH Gel* intramuscularly in substantial dosage, hydrocortisonet and cortisone 


*Purified Cortrophin Gel, Organon, Inc. 
7Cortef, The Upjohn Company. 
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acetate orally, and cortisone acetate intramuscularly. Dosage of the latter 
medications was in nfost instances approximately 200 mg. a day and in one 
instance 300 mg. a day in divided dosage. Each medication was continued 
for three days and stopped. With ACTH Gel in the dosage specified in Table 
III, unit cell leukocyte phosphatase activity rose stepwise over the three- 
day experimental period reaching an average level fourfold greater than that 
of the base-line premedication value. Within seventy-two hours after the medica- 
tion was stopped, values returned to the initial level. In one instance where 
this was followed by daily determinations, the return to base line was step- 
wise and essentially inversely similar to the period of rise during medication. 
All individuals selected for study had leukocyte phosphatase values within 
the normal range prior to the experimental period. In order to contro] the 
effect of the injection of the gelatin medium, ten patients were studied 
during the injection of 1 ml. of this material* intramuscularly every eight 
hours for three days. A relatively slight and inconsistent elevation in 
leukocyte phosphatase occurred, the mean elevation being less than twofold. 
This elevation was materially influenced by values in a single individual in 
whom a substantial rise occurred. It appears possible that the intramuscular 
injection of the gelatin medium on this dosage schedule and in this amount 
may give rise to some increase in endogenous hormonal activity. It is quite 
clear, however, that the ACTH content of the preparation was responsible for 
the marked, consistent, stepwise increase in phosphatase activity during the 
experimental period. Fig. 2 illustrates the comparison of results obtained 
with ACTH Gel and the gelatin alone. 

The administration of ACTH Gel results in a substantial neutrophilic 
leukocytosis which tends to subside with continuing medication. Neither 
the time of maximal leukocytosis nor the magnitude correlate with the step- 
wise increase in phosphatase activity, and the latter is fully as marked in 
subjects reacting with slight leukocytosis as in those with more substantial 
elevation in count. Experience with other ACTH preparations is too scanty 
at present to report. Similar but less consistent responses have been observed 
in a few instances where the less purified aqueous ACTH preparations have 
been employed intramuscularly. | 

The second portion of Table III indicates the findings when cortisone 
acetate and hydrocortisone are administered for three days in substantial 
dosage. Interestingly, these steroids, in the experience to date and in the 
dosage indicated, fail to duplicate fully the results observed with ACTH Gel. 
The ‘‘mean’’ values given in Table III for results obtained with these med- 
ications are not intended to have quantitative significance, since it is recog- 
nized that the differing forms of medication do not permit a valid mean. The 
expression is employed merely to facilitate qualitative comparison with the 
ACTH Gel data. There is some tendency for alkaline phosphatase values to 
rise after twenty-four and seventy-two hours on these medications, particu- 
larly in the case of hydrocortisone, but the rise is erratic, unsustained, and 
less than that observed after administration of ACTH Gel. It is not clear 
whether this is due to the fact that cortisone and similar steroids play little 


*Kindly supplied by Dr. David Klein, Laboratories Division, Wilson and Co., Chicago, IIl. 
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role in the phenomenon or whether they are of importance, but are inadequate 
alone without some additional response of either the adrenal glands or other 
tissues to the ACTH preparation. In a single ease, the intravenous administra- 
tion of 30 ml. of aqueous adrenal cortical extract* every eight hours for three 
days did not produce any elevation in leukocyte alkaline phosphatase. 





100 T 


ACTH GELse=—=s 
GEL ALONE*e— —e 











| MEDICATION | Nl | 


BEFORE R. 24 48 72 $6 120 = 144 
TIME IN HOURS 


Fig. 2.—Comparison of mean leukocyte alkaline phosphatase values in five subjects re- 
ceiving 30 to 40 units ACTH Gel (Purified Cortrophin, Organon) every eight hours intra- 
muscularly with those in ten subjects receiving 1 ml. of the gelatin medium alone every eight 
hours intramuscularly * — mean value forty-eight to seventy-two hours after medication stopped 
in those patients who received ACTH Gel. 
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Possible Species Differences.—It is quite possible that the previously de- 
scribed phenomenon will be shown to exhibit species differences. We have 
not been able, for example, to reproduce the effect in two dogs subjected to 
either surgical procedures or to ACTH Gel administration. 

Clinical Disease States Not Accompanied by Elevation in Leukocyte Alka- 
line Phosphatase—Survey of leukocyte alkaline phosphatase activity in dis- 
ease indicates that in certain disorders elevated values uncommonly occur. 
Three conditions in which this has been most consistently apparent are sum- 
marized in Table IV. These are active rheumatoid arthritis, active uncom- 
plicated rheumatic fever, and active disseminated lupus erythematosus. In 
ten consecutive cases of classical rheumatoid arthritis, an elevation in leuko- 
eyte alkaline phosphatase was found in but one, and the mean value of this 
group was practically identical with that of normal subjects. These indi- 


*Eschatin, Parke, Davis & Co. 
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TABLE IV. LervUKOCYTE ALKALINE PHOSPHATASE* IN ACTIVE RHEUMATOID ARTHRITIS, UN 
COMPLICATED RHEUMATIC FEVER, AND ACTIVE LUPUS ERYTHEMATOSUS DISSEMINATA 








RHEUMATOID ARTHRITIS | RHEUMATIC FEVERt | LUPUS 
32.8 30.5 12.7 
12.3 34.6 10.4 
22.0 39.0 14.5 
20.0 30.3 31.0 
14.0 17.1 16.0 
21.1 42.5 32.5 

9.9 81.5} 22.9 
33.3 59.2 

6.6 34.9 
82.8} — 





Mean 25.5 41.1 


Normal Mean—25.8 Normal range = 13.4—58.0 





*Expressed as milligrams of phosphorus liberated per hour from substrate by 10% leuko- 
cytes. 


7Not receiving steroid therapy or complicated by known streptococcal infection or endo- 
carditis. 
¢Value above normal range. 


viduals all had clinical and laboratory manifestations of activity, and were 
either hospitalized or being followed in an arthritis clinic. In nine cases of 
active rheumatic fever, uncomplicated as far as is known by bacterial infec- 
tion and not receiving steroid therapy, only two values were above the normal 
range. These patients variously exhibited fever, elevated erythrocyte sedi- 
mentation rates, tender, swollen joints, and rheumatic carditis. In eight cases 
of disseminated lupus erythematosis all values were normal or low. These 
patients were clinically ill, and, in most instances, recent lupus erythematosus 
cell tests were positive. Other manifestations of activity included fever, 
anemia, renal lesions, skin lesions, and elevated erythrocyte sedimentation 
rates. Normal values have also been observed in a small number of disturbed 
psychiatric patients. It is of interest that the group of subjects summarized 
in Table IV is also the general category of cases which symptomatiecally re- 
spond most dramatically to ACTH or adrenal steroid therapy. This type of ill- 
ness apparently fails to evoke the same leukocyte alkaline phosphatase eleva- 
tion as the clinical disease states recorded in Table I, the surgical procedures 
recorded in Table II, and the administration of large doses of ACTH Gel re- 
corded in Table III. If the observed increase in leukocyte phosphatase indi- 
cates a response to ‘“‘stress,’’ it does not appear to result from the challenge 
of certain disease processes. One may speculate as to whether the so-called 
‘“eollagen’’ diseases may not develop in individuals whose machinery of re- 
sponse to certain types of challenge is qualitatively or quantitatively different 
from those not heir to this type of illness. 


‘ 


. 


DISCUSSION 


Evidence has been presented that in man the leukocyte alkaline phos- 
phatase activity per unit of cells increases to a marked degree in a wide variety 
of disease states in which ‘‘stress’’ appears to be a logical common denom- 
inator. The phenomenon is reproduced by intramuscular injection of highly 
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purified ACTH Gel preparations in doses of 90 to 120 units per day. Lower 
dosage levels have not been adequately tested. It is not fully reproduced by 
cortisone acetate or hydrocortisone alone in doses of 200 to 300 mg. a day. 
The effect of ACTH Gel is not reproduced by the gelatin medium itself in equal 
dosage. 

There is some evidence of other relationships of adrenal function to 
alkaline phosphatase activity. Kochakian and Bartlett® have noted elevation 
in liver alkaline phosphatase of rats after steroid administration. Verzar® 
has recently extensively reviewed the literature relating adrenal cortical ac- 
tivity to carbohydrate phosphorylation and to the alkaline phosphatases of 
liver, kidney, and muscle. This will not be resummarized here except to state 
that reduction in alkaline phosphatase has been observed in certain organs 
after adrenalectomy, and that this could be restored to normal with steroid 
therapy. The present work suggests that leukocyte alkaline phosphatase is 
related to ‘‘stress’’ and to pituitary and/or adrenal cortical function. It is 
not clear what the mechanism of this phenomenon is, however. It could be 
related to steroids other than those of the hydrocortisone type, it might de- 
pend upon a combination of hormonal and nonhormonal effects such as tissue 
injury, the 11l-oxysteroids might have a ‘‘permissive’’ effect but not be ef- 
feetive alone, and it is at least conceivable that pituitary activity acting on 
targets other than the adrenal gland could be involved. In the latter respect, 
it should be noted that while the ACTH Gel used is highly purified and free 
of significant amounts of most pituitary hormones, it does contain substantial 
amounts of intermedin or melanophore hormone. The possible effects of this 
hormone are totally unknown and its assay is dependent upon its effects on the 
frog melanophores. 

The nature of the described phenomena is of considerable interest. In 
contrast to the eosinophil response, it appears not to be an effect of short term 
stress or short bursts of pituitary and/or adrenal activity, but rather requires 
either continuing stress or sustained administration of rather large amounts 
of ACTH Gel. Under both these circumstances, unit leukocyte alkaline phos- 
phatase rises over a period of a few days to a maximum. In some ways the 
appearance of the increased activity might suggest that it is an effeet which 
cannot be exercised on the mature circulating cell, but which might be de- 
pendent upon a hormonally altered environment during cell maturation. The 
inereased activity would then be apparent only as new cells with higher spe- 
cifie activity entered the circulation. If such a mechanism exists, following 
stresses capable of eliciting this response, two populations of leukocytes should 
be present in the circulating blood. Cells maturing prior to the challenge 
would be expected to have low activity, and those subsequent to it, relatively 
high aetivity. If such a biologie label should exist, it would be of use in as- 
eertaining leukocyte turnover. This speculative possibility can probably be 
substantiated or refuted by studies employing histochemical staining of blood 
films for alkaline phosphatase. 

Numerous questions deserve further investigation. (1) Is the phenom- 
enon described clearly related to pituitary-adrenal activity, and, if so, to what 
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hormones or interacting forces? (2) Does the leukocyte alkaline phosphatas« 
activity have possibilities in the evaluation of pituitary or adrenal functional! 
status? (3) Why is leukocyte alkaline phosphatase activity so low in chronic 
myelocytic leukemia and high in cases of polycythemia vera with very similar 
leukocyte pictures? Does this imply any disturbance in hormonal balance in 
these conditions? (4) Why is this effect not manifest in many cases of rheu- 
matoid.arthritis, rheumatic fever, and lupus erythematosus if it is part of a 
pattern of response to ‘‘stress’’? Are there other situations where this type 
of reaction does not occur? (5) May suitable animal hosts be found for ex- 
perimental purposes? The answer to these and similar questions will depend 
on future investigations. 


SUMMARY 


Data are presented indicating the association of marked elevations in 
unit leukocyte alkaline phosphatase in a wide variety of ‘‘stress’’ conditions 
including various disease states, infection, trauma, pregnancy, and operative 
procedures. The phenomenon is reproduced by substantial doses of ACTH 
Gel, but is not to the same extent or consistency by cortisone acetate and hy- 
drocortisone. In certain types of ‘‘stress’’ such as rheumatoid arthritis, rheu- 
matie fever, and lupus erythematosus, elevations above the normal range are 
uncommonly seen even in the presence of severe illness. The possible rela- 
tions of leukocyte alkaline phosphatase act ivity to pituitary and/or adrenal 
cortical activity are discussed. 


The authors gratefully acknowledge the technical assistance of Miss Pauline 
Williams, Miss Eleanor Siegel, Mrs. Gertrude Duncan, and Mr. Peter Shugarman. 


ADDENDUM 


Since preparation of this manuscript, some preliminary data suggest that in patients 
receiving continuing medication with large doses of ACTH Gel, the unit leukocyte alkaline 
phosphatase may return to normal while the patient is still on the medication. In this 
respect, administration of ACTH and ‘‘stress’’ may not follow an identical pattern. In 
the presence of infection, for example, the unit cell phosphatase activity appears to re- 
main elevated until the underlying pathology is corrected. 
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COMPARATIVE EFFECTS OF ASPIRIN, ACTH, AND CORTISONE ON 
THE ANTISTREPTOLYSIN ‘‘O”’ TITER AND GAMMA GLOBULIN 
CONCENTRATION IN RHEUMATIC FEVER 


BerRTRAND L. Srouzer,* Caprain, USAF (MC), Harotp B. Housrr,** Ma,or, 
MC, AUS, ANp Ernest J. Cuark, Caprain, USAF (MC) 
CLEVELAND, OHIO 


OST patients with a streptococcal infection develop antistreptolysin ‘‘O’’ 
during the second week of illness, and maximum titers are reached between 
the third and fifth weeks. The antistreptolysin titer then declines slowly over 
a variable period of time.?:? In patients who develop rheumatic fever following 
a streptococcal infection, the maximum titer attained, on the average, is higher 
than in uncomplicated cases. The curve of the gamma globulin response to a 
streptococeal infection generally parallels the curve for antistreptolysin.? In 
patients who develop rheumatic fever the average gamma globulin concentration 
is higher than in uncomplicated cases. The persistence or reappearance of ab- 
normal gamma globulin concentrations in patients with rheumatic fever appears 
to be more directly related to the presence of clinical rheumatic activity than 
is the antistreptolysin titer. 
Recently, a rapid decline in antistreptolysin and gamma globulin concen- 


tration following the administration of ACTH and cortisone to patients with 
rheumatic fever has been described.*> Since these responses may vary greatly 
in magnitude in any given individual with rheumatic fever, it would seem 
necessary to compare the effect of ACTH and cortisone with an aspirin-treated 
group selected during the same period of time. This paper reports a comparison 
of the effects of ACTH, cortisone, and aspirin on the antistreptolysin ‘‘O’’ titer 
and gamma globulin concentrations in young men with acute rheumatic fever. 


METHODS 


All patients with rheumatic fever admitted to Francis E. Warren Air Force Base Hos- 
pital, from January, 1951, to June, 1952, were observed by one of three physicians. When 
the patient met the diagnostic criteria established for the study and exhibited signs of 
rheumatic activity, treatment was started. Random selection of the form of therapy for 
each patient was accomplished by a method described elsewhere.6 The schedules of treat- 
ment are shown in Table I.{ All patients were treated for six weeks, Three weeks after 
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+The effect of these three drugs on the course of the acute illness has been. reported 
elsewhere.® 
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TABLE I. SCHEDULES OF TREATMENT 











DRUG poe DAILY DOSE l DAY OF TREATMENT ; 
: Aspirin* 1 grain per pound 1 and 2 
% grain per pound through 7 
¥Y grain per pound through 42 


300 mg. 1 

200 mg. through 5 
Cortisonet 100 mg. } through 

75 mg. through 

50 mg. through 42 











Or 


120 mg. 1 through 4 
100 mg. through 7 
80 mg. through 14 
ACTH? 60 mg. 15 through 21 
40 mg. 22 through 35 
20 mg. 36 through 42 








*No daily dose to exceed 150 grains. Administered orally every four hours for 48 hours 
and then every six hours thereafter. 
yAdministered intramuscularly in a single daily dose. 
¢Administered intramuscularly in equally divided doses every six hours. 


the completion of the initial course of therapy six aspirin-treated patients, one ACTH-treated 
patient, and one cortisone-treated patient received an additional four weeks of therapy because 
of continued rheumatic activity. To eradicate the streptococcal carrier state, all patients 
received procaine penicillin in oil, 600,000 units intramuscularly on the day of admission to 
the study and every three days thereafter for four injections. Following the course of peni- 
cillin each patient received 1 Gm. of sulfadiazine daily for the remainder of the study period. 

Sera for antistreptolysin titers and gamma globulin concentrations were obtained be- 
fore therapy and, subsequently, at seven-day intervals, from 50 per cent of the patients in 
each treatment group and from the remainder of the patients at ten-day intervals. All titra- 
tions on sera from one patient were made in the same determination. The antistreptolysin 
titers were measured by a modification of the method of Hodge and Swift,? and the gamma 
globulin concentrations by the method of Kunkel.’ In the 50 per cent of the patients in each 
treatment group from whom sera were obtained at ten-day intervals, the results were interpo- 
lated so that a value was obtained at weekly intervals allowing comparison in all patients in the 
three treatment groups. Statistical evaluation of differences in antistreptolysin and gamma 
globulin concentrations was accomplished by analysis of variance. 

This report is based upon the findings in 144 young men who met the established criteria 
for admission to the study. Sixty patients received aspirin, 43 patients were given cortisone, 
and 41 patients were treated with ACTH. The reason for the greatest number of patients 
occurring in the aspirin-treated group has been given in detail elsewhere.6 

Therapy was begun early in the course of the illness. Eighty-five per cent of the 
patients in each group were treated within the first fourteen days from the onset of their 
illness; over 50 per cent within the first week. The day of illness when treatment was started 
ranged from 2 to 52 in the aspirin-treated group; from 2 to 32 in the group receiving corti- 
sone; and from 2 to 96 in the ACTH-treated group. 


RESULTS 


Fig. 1 shows the average antistreptolysin titer by weeks from the onset of 
therapy. There was a difference in average initial titers of 28 units between 
the aspirin-treated patients and those patients receiving ACTH, while there was 
an average initial difference of 32 units between the aspirin- and cortisone- 
treated groups. All three treatment groups continued to exhibit a slight anti- 
streptolysin titer rise during the first week of therapy, and at that time, tlie 
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ercatest difference between any two of the groups was 6.4 units. The curve for 
those patients treated with ACTH then fell rapidly during the first five weeks 
of treatment and maintained a constant level after treatment was discontinued. 
The maximum difference between the ACTH-treated patients and those receiving 
aspirin occurred at the seventh week when the difference was 152 units. The 
curve for the cortisone-treated patients fell more slowly than that of the ACTH- 
treated group and more rapidly than that of the aspirin-treated group. The 
maximum difference between the cortisone and aspirin groups occurred at the 
seventh week, when the difference was 69 units. The curve of the aspirin-treated 
patients fell more rapidly during the first six weeks, and then gradually declined 
over the next seven weeks. Within each treatment group the drop in titer from 
zero to six weeks is significant. The six-week drop in titer for the cortisone- 
treated group was not significantly greater than that for the aspirin-treated pa- 
tients. The six-week drop for the ACTH-treated group was significantly greater 
than that for the aspirin-treated patients (and also for the cortisone-treated 
patients). 
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Fig. 1.—The effect of aspirin, cortisone, and ACTH on the antistreptolysin ‘“O” titer in acute 
rheumatic fever. 


Almost all of the patients in the three treatment groups experienced a 
clinieal or laboratory rebound following the cessation of treatment. There was 
no evidence of a rebound in the average antistreptolysin titers after therapy 
was stopped, although an isolated patient did exhibit a definite increase in titer 
at that time, and in a few patients in each treatment group a rise in titer of 
one tube dilution was noted. At the end of thirteen weeks, seven weeks after 
therapy had been discontinued, there was still a difference of 106 units between 
the aspirin- and ACTH-treated groups, and a difference of 47 units between 
the aspirin- and cortisone-treated patients. Fourteen months after the onset 
0! therapy the same relationship existed among the three groups and the average 
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antistreptolysin titers were: 149 units for the aspirin-treated patients, 127 
units for the cortisone-treated patients, and 103 units for the patients who re- 
eeived ACTH. These differences at fourteen months are small, and there is a 
tendency for the averages of the three groups to approach a common level. 

Although during this fourteen-month follow-up period all patients were 
maintained on sulfadiazine prophylaxis, there were eight streptococcal infec- 
_tions in the cortisone-treated group, five in the ACTH-treated group, and one 
in the aspirin-treated group. With but one exception all patients were promptly 
treated with penicillin for a minimum period of ten days. In one patient from 
the cortisone-treated group penicillin therapy had been delayed, and this patient 
developed a new attack of rheumatic fever. 


EATMENT PERIOD | 
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Fig. 2.—The effect of aspirin, cortisone, and ACTH on the gamma globulin concentration in 
acute rheumatic fever. 

Fig. 2 shows the average gamma globulin concentration in the same groups 
of patients. The three treatment groups showed the same average gamma 
globulin concentration at the start of treatment. During the first week ot 
therapy all groups exhibited a slight increase. For the next five weeks there 
was a rapid decline in the concentration of gamma globulin in the ACTH- 
treated patients. There was a more gradual decline in the curve for those pa- 
tients receiving cortisone and aspirin. The maximum difference between the 
ACTH- and aspirin-treated patients occurred at the fifth week and was 0.15 
Gm. per cent. The maximum difference between the cortisone- and aspirin- 
treated patients occurred at the fourth-week of treatment and was 0.07 Gm. 
per cent. Within each treatment group the drop in concentration from zero 
to six weeks was significant. The six-week drop in concentration for the corti- 
sone-treated patients was not significantly greater than that for the aspirin- 
treated group. The six-week drop in concentration for the ACTH-treated pa- 
tients was significantly greater than that for the aspirin-treated group (and for 
the cortisone-treated patients). 
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A slight increase in the average gamma globulin levels in all three treat- 
ment groups occurred after the discontinuance of therapy, and at this time 
almost all of the patients in the three treatment groups were experiencing a 
laboratory or clinical rebound. The cortisone-treated patients exhibited the least 
pronounced increase. At the end of thirteen weeks the same relative position of 
the curves of the three treatment groups was maintained. Fourteen months 
after the onset of therapy the average gamma globulin concentrations in the 
ACTH- and cortisone-treated patients were the same (0.95 Gm. per cent), and 
the average gamma globulin level for the aspirin-treated patients was slightly 
higher (1.01 Gm. per cent). 


COMMENT 


The patients in this study were young men, and one of the three schedules 
of therapy, randomly selected for each individual, was started early in the 
course of their illness. Penicillin was given in order to eradicate streptococci, 
and the patients were maintained on sulfadiazine prophylaxis throughout the 
period of observation. The initial antistreptolysin titers and gamma globulin 
concentrations did not reflect any wide differences among the three groups. 

It would appear from the data presented that ACTH had the most pro- 
found effect upon the elevated antistreptolysin titer and gamma globulin con- 
centration in patients with acute rheumatic fever, while aspirin had the least 
effect, if any. The effect of cortisone occupied an intermediate position and was 
not significantly different from that of aspirin. This difference in degree be- 
tween the ACTH and cortisone groups may, in part, have been related to the 
dosages of each drug employed, the patients receiving cortisone exhibiting 
fewer signs of hyperadrenalism than did the group receiving ACTH. These 
data are further evidence that ACTH and cortisone decrease the amount of 
circulatory antibody, but controversy exists whether this decrease in circulating 
antibody is the result of an increased rate of destruction or an inhibition of 
synthesis of antibody.® 

There is no evidence of an increase in the average antistreptolysin titer 
following the cessation of therapy. This has been the experience of others, 
although isolated patients have exhibited significant elevations in the anti- 
streptolysin titer following the cessation of hormone therapy.’ * The average 
camma globulin concentrations showed a slight increase in all three groups 
during the rebound phenomenon. It has been noted previously’ that spontaneous 
exacerbations in patients who are not receiving hormone therapy are accom- 
panied by inereases in gamma globulin concentrations, indicating that perhaps 
the gamma globulin concentration is more clearly related to the presence of 
rheumatie activity than is the antistreptolysin titer. Since most of the patients 
in the three treatment groups showed some symptom or sign of activity follow- 
ing withdrawal of treatment, it was difficult to correlate the presence of a rise 
in gamma globulin with the presence of rheumatie activity. There was no good 
evidence that those patients having the severest symptoms following the cessa- 
tion of therapy experienced the greatest rises in gamma globulin. 





34 STOLZER, HOUSER, AND CLARK J. Lab. & Clin. Med. 
August, 1954 


Fourteen months after the start of therapy the difference in the average 
antistreptolysin titer between the hormone-treated patients and those receiving 
aspirin was still evident. The difference in gamma globulin concentration was 
less marked at this time. What relationship these decreases in antibody forma- 
tion, produced by ACTH and cortisone, have to the effect of these drugs upon 
the pathologie physiology of the rheumatic process is not known at the present 
time. 


SUMMARY 


Antistreptolysin ‘‘O’’ and gamma globulin levels decrease most rapidly in 
patients with rheumatic fever who receive ACTH. Although the difference be- 
tween the cortisone-treated and aspirin-treated groups was not statistically 
significant, cortisone appeared to decrease the elevated antistreptolysin ‘‘O”’ 
and gamma globulin concentrations more rapidly than aspirin. 

Following the cessation of treatment in all three groups, there were slight 
increases in the average gamma globulin concentration without similar increases 
in the average antistreptolysin ‘‘O’’ titer. 


We are deeply indebted to Dr. Charles H. Rammelkamp, Jr., Director, Streptococcal 
Disease Laboratory, for advice and criticism, and to Dr. Arthur S. Littell for assistance in 
the statistical analysis. Sincere appreciation is expressed to the Assistant Directors, Dr. 
Lewis W. Wannamaker, Dr. Chandler A. Stetson, First Lt. Frank Catanzaro, and to all the 
members of the professional and technical staff of the laboratory for their assistance. 


REFERENCES 


. McCarty, M.: Rheumatic Fever, A Symposium, Edited by L. Thomas, Minneapolis, 1952, 
University of Minnesota Press, p. 136. 

. Anderson, H. C., Kunkel, H. G., and McCarty, M.: Quantitative Antistreptokinase Studies 
in Patients Infected With Group A Hemolytic Streptococci; Comparison With Serum 
Antistreptolysin and Gamma Globulin Levels With Special Reference to the Occur- 
rence of Rheumatic Fever, J. Clin. Invest. 27: 425-434, 1948. 

. Massell, B. F., Warren, J. E., and Sturgis, G. P.: Proceedings of the First Clinical ACTH 
Conference, Edited by J. R. Mote, Philadelphia, 1950, The Blakiston Co., p. 405. 

. Ziegra, 8. R., and Kuttner, A. G.: Reappearance of Abnormal Laboratory Findings in 
Rheumatic Patients Following Withdrawal of ACTH or Cortisone (With Special 
Reference to C-Reactive Protein), Am. J. M. Se. 222: 516-522, 1951. 

5. Sprague, R. G., Power, M. H., Mason, H. L., Albert, A., Mathieson, D. R., Hench, P. S., 
Kendall, E. C., Slocumb, C. H., and Polley, H. F.: Observations on the Physiologic 
Effects of Cortisone and ACTH in Man, Arch. Int. Med. 85: 199-258, 1950. 

}. Houser, H. B., Clark, E. J., and Stolzer, B. L.: Comparative Effects of Aspirin, ACTH 
and Cortisone on the Acute Course of Rheumatic Fever in Young Male Adults, Am. 
J. Med. 16: 168-180, 1954. 

. Hodge, B. E., and Swift, H. F.: Varying Hemolytic and Constant Combining Capacity of 
Streptolysins; Influence on Testing for Antistreptolysins, J. Exper. Med. 58: 277- 
287, 1933. 

. Kunkel, H. G., Ahrens, E. H., Jr., and Eisenmenger, W. J.: Application of Turbidimetric 
Methods for Estimation of Gamma Globulin and Total Lipid to the Study of Patients 
With Liver Disease, Gastroenterology 11: 499-507, 1948. 

9, Bjgrneboe, M., Fischel, E. E., and Stoerk, H. C.: The Effect of Cortisone and Adreno- 
corticotrophic Hormone on the Concentration of Circulating Antibody, J. Exper. 
Med. 93: 37-48, 1951. ‘ 


. 


era 
oT 
ean 
glu 
sati 
roe 
jap 
not 
blo 


plic 
eur 
sec 
dilt 
In 

of 

cas 
We 
spe 
ant 
the 
Do 
wi 


or 
or 





DIAGNOSIS OF SUBGROUPS OF BLOOD GROUPS A AND AB 
BY USE OF PLANT AGGLUTININS (LECTINS) 


WituiAM C. Boyp, PH.D., AND ELIZABETH SHAPLEIGH, B.S. 
Boston, Mass. 
INTRODUCTION 

HE finding of blood group specific agglutinins in certain seeds'* has sug- 

gested that these substances, for which one of us* ° has proposed the gen- 
eral term ‘‘lectin,’?’ ought to have practical application in routine blood 
erouping. Their routine large-scale use for ABO blood group determinations 
can hardly be recommended at present, however, for although an anti-A ag- 
glutinin of adequate A specificity is available from certain Lima beans, no 
satisfactory anti-B has yet been found. A lectin which agglutinates B eryth- 
rocytes more strongly than A or O has been reported by Kriipe® in Sophora 
japonica, but this lectin possesses also a reactivity for A and O cells which can- 
not be selectively removed by absorption with A cells or by inhibition with 
blood group A substance. 

These plant agglutinins have not been entirely devoid of practical ap- 
plications, however. We recently reported’ on the use of the lectin from Ulex 
europeus to separate individuals of any blood group into secretors and non- 
secretors. Also, we have found that the Lima bean (Sieva) lectin, suitably 
diluted, will separate individuals of blood groups A and AB into subgroups. - 
In field work in Pakistan, one of us* determined in this way the subgroups 
of 146 A,’s, 26 A,’s, 49 A,B’s, and 17 A.B’s, checking the diagnosis in each 
case with an absorbed human B serum kindly given us by Dr. A. S. Wiener. 
We have since discovered® that the lectin in Dolichos biflorus® is even more 
specific for A, than that in Lima beans, and that from Ulex europeus,’® being 
anti-H in character, gives the desired complementary reactions, agglutinating 
those erythrocytes (A, and A,B) which are not affected by the anti-A, from 
Dolichos. We have recently tested about thirty bloods of groups A and AB 
with this combination of reagents, and find they enable the diagnosis of sub- 
groups to be made with ease. 

MATERIALS AND METHODS 


Extracts of the seeds of Dolichos biflorus and Ulex europeus were prepared as fol- 
lows: The seeds were ground in a mill, and to the meal, ten times its weight of saline 
solution was added (1 Gm. + 10 ml.). To grind amounts of seed of the order of one-half 
to several kilograms, we have used an electric coffee grinder (Hobart); for amounts of 
the orGer of 10 to 100 Gm., we have used a Wiley Intermediate Laboratory Mill; for 
amounts of 2 or 3 Gm., a small hand-operated pepper mill. The mixture was agitated 
thoroughly in the Waring Blendor, or kept in a shaking machine for one hour, then cen- 
trifuged at about 3,000 r.p.m. (Ca. 1,000 a.Le.g.) for five minutes, and the sediment discarded. 


_ The work reported in this paper was made possible by support extended to Boston Uni- 
ersity_by the United States Atomic Energy Commission, under contract no. AT(30-1)1395, the 
avy Department (Office of Naval Research), under contract no. Nonr-492 (01), and by a 
esearch grant (H-1076[2]) from the National Heart Institute, of the National Institutes of 

Health, Public Health Service. 
Received for publication March 27, 1954. 
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The supernatant fluid, even though it was sometimes slightly cloudy, was ready for im- 
mediate use. The extracts can be frozen and dried and reconstituted at will, or seem to 
keep indefinitely in the Deep Freeze. Repeated freezing and thawing do not seem to af- 
fect their activity. They are not appreciably affected by an occasional few hours standing 
at room temperature. 

The tests were performed as follows: in one small test tube (10 by 75 mm.) there 
was placed a drop of a 1 per cent suspension of the group A or AB cells in 0.9 per cent 
NaCl solution, and a drop of the Dolichos extract added. In another tube a drop of cells 
was mixed with a drop of the Ulex extract. The tubes were immediately shaken, centri- 
fuged for one to two minutes at 1,500 r.p.m., and read with the naked eye after vigorous 
shaking. No incubation period was necessary. The readings were made by daylight or 
fluorescent artificial light. A small mirror facilitates getting the optimum angle between 
the light source, tube, and observer’s eye, and helps avoid neck strain. 


RESULTS 
The results of tests on twenty-nine group A individuals and four AB in- 
dividuals are shown in Table I. The subgroups had previously been deter- 
mined with the aid of a freshly prepared human anti-A serum absorbed with 
A, eells. 


TABLE I. AGGLUTINATION REACTIONS OF BLOODS OF DIFFERENT SUBGROUPS WITH LECTINS 








REACTION WITH 


SUBJECT SUBGROUP DOLICHOS 
HCB A, 
JRC 
RJC 
NDC 
CMG 
MEG 
JGH 
RIH 
EVK 
LDL 
DRL 
MEN 
RM 
HO 
CEP 
DMP 
DLS 
GVS 
TAT 
JAW 
RZ 
RPZ 


DI 
DR 
BS 


PAF 
AJG 
MEM 
RAP 
JDS 
PS 
WLS A, 


1B A.B - 3 


The numbers signify strength of agglutination, 4 indicating the complete agglutination 
of all the cells in the preparation, and — indicating no agglutination. 
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It will be seen that the diagnosis of the subgroups was clear and unam- 
biguous in every case. 

In addition to these tests, the blood of an individual who seemed inter- 
mediate between A, and A, was included. The results are shown in Table II. 
It will be seen that the results with the lectins also indicated an intermediate 
type of blood. Since this individual is a native of The Gold Coast, West Af- 
rica, it seems likely that his blood belongs to one of the subgroups intermedi- 
ate between A, and A,, lumped together by Wiener as A,, 2, and reported by 


him to be much more frequent in American Negroes than in American whites." 


TABLE II. REACTIONS OF BLOOD or SuBJECT BJAA 





| ( CONTROL ) ERYTHROCYTES OF 
REAGENT BJAA | Ay | A> 
Lectin from Dolichos u! 
Lectin from Ulex 3 
Stock anti-A,* y% 
Human anti-At 3 
Symbols as in Table I. 
*Human B serum absorbed with Ao cells. 
yAgeglutinin eluted from A» cells which had been treated with human B serum. 














SUMMARY 


It is shown that the agglutinins from Dolichos biflorus and Ulex europeus 
form a pair well adapted for use in the routine diagnosis of the subgroups A 
and AB. The preparation of the reagents, which is extremely simple, is de- 
scribed. 
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RADIOCHROMIUM-LABELED ERYTHROCYTES FOR THE DETECTION 
OF GASTROINTESTINAL HEMORRHAGE 


CHARLES A. OWEN, JR., M.D.,* Jesse L. BoLLMAN, M.D.,** AND 
JoHN H. GrinpLay, M.D.*** 
RocHESTER, MINN. 


VALUATION of gastrointestinal bleeding by the usual chemical methods 

is of limited value from a quantitative standpoint. When one employs a 
sensitive technique (benzidine), ingested meat may give positive color re- 
actions independent of bleeding. When an insensitive method (guaiac) is 
used, it is possible to miss small amounts of blood in the feces. 

If a foreign substance could be incorporated into circulating erythrocytes, 
the detection of this foreign material in the feces would indicate bleeding into 
the intestine, provided the passage of the foreign substance from the blood to 
the intestine and back again was negligible in the absence of bleeding. With 
this principle in mind, studies were ‘conducted on normal mongrel dogs using 
radioactive chromium (Cr*!) as the foreign substance to label erythrocytes. 
Measured volumes of labeled, venous blood were withdrawn and returned to 
the same dog by means of a stomach tube. The amount of radioactivity 
appearing in the feces during the next two or three days was then compared 
with the amount of radioactivity in the blood given by stomach. The loss of 
radioactivity from the blood and the amount of radioactivity appearing in the 
urine also were determined. Various experiments to control the factors in- 
volved in these studies were performed on other dogs. During these pro- 
cedures the animals continued to take their regular diet, which contained a 
large amount of meat. The results of both benzidine and guaiae tests on the 
feces were always strongly positive. 

METHODS 

Heparinized samples of blood (10 to 20 ml.) from two dogs were mixed with approxi- 
mately 100 microcuries of Cr51 as sodium chromatet; the specific activity of the chromium 
varied from 0.7 to 1.4 millicuries per milligram. At intervals for about two hours the 
mixture was shaken without special precautions for the control of temperature (about 
25° C.) or bacterial contamination. The erythrocytes were sedimented by centrifugation 
at moderate speed and washed three times with a volume of 0.9 per cent solution of 


sodium chloride about double that of the erythrocytes. In all cases the fluid from the 
third wash contained only traces of radioactivity. A carefully measured volume of these 
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erythrocytes, suspended in saline solution, was injected into a leg vein of each of the two 
dogs, each dog receiving its own erythrocytes. An aliquot was set aside for controlling 
the subsequent measurement of-radioactivity of blood or excreta. To simulate gastroin- 
testinal bleeding, samples of jugular blood were removed periodically from each dog and 
introduced into its stomach by tube. The inside of the tube was washed immediately with 
tap water to ensure that all material reached the stomach. 







Assays of radioactivity were made in the well of a thallium-activated crystal of 
sodium iodide. At the routinely used discriminator-attenuator scaler settings, the Cr51 
registered 1,400 counts per second per microcurie over a background of 4 counts per 
second (¢.p.s.). 
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Fig. 1.—Radioactivity of whole blood after intravenous administration of Cr*!-labeled erythro- 
cytes to two dogs (A and B). 













For the collection of excreted specimens, the dogs were placed in metabolic cages 
that permitted urine to pass through a screen into collection jars; feces were held by the 
screen, At approximately twenty-four-hour intervals, the urine and feces were collected. 
or the determination of radioactivity, the weighed feces were homogenized in a blender 
with measured volumes of added water. The radioactivity of weighed aliquots of the 
liluted feces was determined in duplicate in glass tubes that fitted snugly into the well 
of the erystal. Aliquots of the urine were counted without preparation. 







When the concentration of Cr51 in the blood of these dogs over a period of several 
veeks was plotted semilogarithmically, an approximately straight line was obtained 
xcept for the first day (Fig. 1). From this curve, the rate of loss of radioactivity from 
e blood was calculated to be 2.8 to 3.0 per cent per day. After blood was introduced 
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into the stomach, estimates of blood in the feces were made by comparing the radio- 


activity of a fecal specimen with the radioactivity of venous whole blood. The fecal 
content of Cr51 thus could be expressed as the equivalent of whole blood in milliliters. 


RESULTS 
1. Excretion of Cr®! After Deposition of Labeled Blood in the Stomach. 

Into feces: The radioactivity in the feces of two dogs given Cr*!-labeled 
erythrocytes intravenously, followed by intragastric deposition of samples of 
their own blood, is shown in Fig. 2. Dog A was observed for nine days before 
blood was placed in its stomach. It can be seen that as a rule less than 1 ml. 
(Cr*!-equivalent) of blood appeared in the feces each day. It is not possible 
to say how much, if any, of the radioactivity in the feces actually represented 
labeled erythrocytes entering the intestine and how much represented freed 
Cr®*? passing through the intestinal wall. After direct intravenous injection 
of radioactive chromic and chromate solutions, much more Cr*! appeared in 
the feces. Since the blood volume of this 14.4 kg. dog, ascertained by the 
degree of dilution of the injected labeled erythrocytes, was 1,280 ml., less than 
0.1 per cent of the intravenously injected dose was lost by: way of the in- 
testinal tract per day; the daily physiologic loss of blood into the gastro- 
intestinal tract must, therefore, be infinitesimal. 


TABLE I. FECAL EXCRETION OF CR51 (EXPRESSED AS MILLILITERS OF BLOOD) AFTER INTRA- 
GASTRIC ADMINISTRATION OF CR51-LABELED ERYTHROCYTES IN WHOLE BLOOD 











WEIGHT | ADMINISTERED BLOOD | RECOVERED “BLOOD” 
DOG (KG. ) | (ML. ) | (ML. ) 











A 14.4 5 6.9 
100 94.8 
B 140 2 a 25 ~ el  — 
10 12.6 
20 23.9 
10 8.8 
15 

















The observed radioactivity in the feces approximated the doses of blood 
put into the stomach surprisingly well (Table I). The recovered radioactivity 
occasionally was slightly greater than that represented by the administered 
dose but only to about the extent that Cr°' was constantly present in the 
feces when no blood was added to the gastrointestinal tract. 

Into urine: Approximately 1 per cent per day of the intravenously 
administered dose was excreted in the urine (Fig. 2). In certain instances 
this value appeared to increase slightly after intragastric administration of 
labeled blood. 

Loss from blood: When the radioactivity in the circulating blood was 
plotted against time (Fig. 1), the disappearance of Cr®! from the blood 
exceeded the sum of urinary and feeal recovery. In dog A the aetual re- 
covery was only about 50 per cent of that expected from the blood data; in 
dog B, it was about 60 per cent. 

From the initiai observations on dog A (Fig. 2), it is apparent that only 
small amounts of Cr*? passed from the circulation to the intestinal contents. 
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In order to study the opposite pathway, erythrocytes labeled with sodium 
chromate (Cr*!) were placed in the stomach of a dog which had no Cr*? in its 
circulatory system (Experiment 2). The small amount of Cr*! entering the 
blood was then compared with the absorption of Cr°! when a simple solution 
of sodium chromate (Cr°') was placed in a dog’s stomach (Experiment 3). 
Since significant amounts of Cr°! could not be accounted for by the sum of 
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Fig. 2.—Fecal and urinary excretion of Cr after intravenous administration of Cr*!- 
labeled erythrocytes to two dogs (A and B); *no fecal specimen passed on this day; **one 
specimen analyzed for the two-day period; ***no collections were made. 


the values for the blood, urine, and feces in all these studies, it was decided to 
give one dog (Experiment 4) chromic chloride (Cr**) and another dog 
(Experiment 5) sodium chromate (Cr*") intravenously. In this way it was 
possible to follow the disposition of hexavalent chromium, which alone is able 
to label erythrocytes, and the trivalent ion, which is bound selectively to 
plasma proteins. 

2. Cr®1-labeled Erythrocytes in the Stomach.—When a saline suspension of 
washed, Cr*!-labeled erythrocytes was placed in the stomach of a dog, most of 
the dose appeared in the feces in forty-eight hours (Table II). During the 
same period, about 2 per cent of the dose appeared in the urine and observed 
radioactivity in the blood was low. Unlike the results of the other balance 
experiments reported herein, most of the Cr** could be accounted for. 
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TABLE IT. DISPOSITION OF CR51 FROM LABELED ERYTHROCYTES* PLACED IN A Do@’s STOMACH 








TIME AFTER ADMINISTERED DOSE (PER CENT) 
DOSE (DAYS) IN URINE | IN FECES | IN BLOODt | TOTAL} 
j 68.0 68.0t .05 68.7 
19.8 87.8 ad 89.5 
3.4 91.2 .30 93.4 
0.9 92.1 .03 94,1 
Unaccounted for 5.9 











; *Saline suspension (10 ml.) of erythrocytes derived from 10 ml. of whole blood, labeled 
with about 100 ue of Cr™ as sodium chromate. 


{Blood volume of 800 ml. was assumed in this 10 kg. dog. 
¢Figures in these columns are cumulative values. 


3. Radiochromate in the Stomach.—It was found that Cr°!-labeled erythro- 
cytes lost less than 10 per cent of their radioactivity in passing through the 
intestinal tract of a dog. This might be explained by lack of release of Cr®! 
from the erythrocytes or by lack of absorption of the Cr*' once released. 

A 16 kg. dog was given an aqueous solution of sodium chromate by 
stomach tube. Nearly half of the Cr*! was absorbed (Table III). Almost none 
of the absorbed Cr*' became attached to the erythrocytes, suggesting that the 
ion was in the chromic form rather than the chromate.’ Once the bulk of the 
fecal Cr®? was expelled, the concentration of Cr®! in the blood decreased 
rapidly. 


TABLE III. Disposition oF Cr51 From SopiuM CHROMATE* PLACED IN A DoG’s STOMACH 
ADMINISTERED DOSE (PER CENT) 

TIME AFTER | | IN RED- 
DOSE | IN CELL IN 
(DAYS) IN URINE IN FECES BLOOD t TOTAL} | MASSt PLASMAt 
1 0.4 0.4t 7.8 .8t 11.6 19.8 0° 11.6 
2 8.1 8.5 § 8 14.7 31.0 0.4 14.3 
3 1.1 9.6 47.3 55.1 2.1 66.8 0.1 2.0 

4 0.1 Bf 1.6 0.7 0.3 66.7 














Unacecounted for Boe 





* Approximately 100 we of Cr. 

*Blood volume of 1,300 ml. was assumed; from the hematocrit (35 per cent), erythrocyte 
and plasma volumes of 450 and 850 ml., respectively, were calculated. 

tFigures in these columns are cumulative values. 

§No specimen passed. 


About 25 pe of Cr** as a solution of sodium chromate was placed in the 
stomach of each of two rats immediately after the insertion of plastic tubes 
into the bile ducts. Urine and bile were collected in two periods, namely, 
during the first eighteen hours and from nineteen to twenty-four hours. 
Blood was then obtained by cardiac puncture and the rats were killed. The 
entire intestinal tract was saved as a unit; the liver was also saved. No 
attempt was made to study other organs.. The amount of radioactivity found 
is noted in Table IV. About 30 per cent of the Cr°! was absorbed from the 
intestinal tract in twenty-four hours, while about 1 per cent appeared in the 
urine and 0.5 per cent in the bile. 

4, Intravenous Administration of Chromic (Cr**) Ions.—Approximately 
100 ye of a solution of radioactive sodium chromate (70 ug of Cr) was treated 
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TABLE LV. DisposiTION OF CR51 From SopIuM CHROMATE PLACED IN THE STOMACHS OF TWO 


RATS 
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ADMINISTERED DOSE (PER CENT) 





RAT 1 | 





Intestinal tract and contents 
Urine ( 0-18 hours) 
(19-24 hours) 
Total 
Bile ( 0-18 hours) 
(19-24 hours) 
Total 


Liver 
Blood* 


63.44 


0.98 


0.52 
0.10 
0.14 
65.18 





Total 


Unaceounted for 34.82 





cells 
plasma 
0.58 in each rat, whereas this ratio in the dog was less than 0.03. 


*Blood volume of 20 ml. was assumed. The Cr! ratio ( ) per unit volume was 


with a few milligrams of ascorbic acid in 0.9 per cent solution of sodium 
The yellow color of chromate ions immediately turned to the green 
color of chromic ions. This solution was diluted with saline solution and in- 
jected intravenously into an 8.4 kg. dog. Table V indicates the disposition of 


chloride. 


TABLE V. DISPOSITION OF CR51* AFTER INTRAVENOUS ADMINISTRATION OF CHROMIC CHLORIDE 








| ADMINISTERED DOSE (PER CENT) 





TIME AFTER 
DOSE IN 
(DAYS ) IN URINE | IN FECES BLOOD t 


| TOTAL} 
19/24 20.9 20.9t & ec 14.8 36.0 
y ee? 32.6 ba : 10.2 43.4 
4.0 36.6 : x 6.4 43.8 
23 38.9 s ile 5.2 45.3 
1.5 40.4 es uf 3.9 45.8 
Unaceounted for 54.2 








*About 100 uc. 


*Blood volume of 700 ml. was assumed. The radioactivity was distributed between the 
cells and plasma in a ratio of about 0.01; since this is at the limit of the precision of the 
method? it appears likely that the erythrocytes were actually free of Cr. <A binding figure 
of 2 per cent has been assumed by Frank and Gray.’ 


tFigures in these columns are cumulative values. 


the Cr. As usual, it was impossible to account for all of the dose in the 
blood, urine, and feces. The studies of Kraintz and Talmage* and of Visek 
and eco-workers® indicate the deposition of Cr®! (especially the chromic ion) 
in the liver, spleen, bone marrow, and bony epiphyses. 

5. Intravenous Administration of Chromate (Cr**) Ions.—Within five 
minutes after intravenous injection of a saline solution of sodium chromate 
(Cr°+), the erythrocytes were maximally labeled; within this same period, two- 
thirds of the entire dose had left the blood stream (Table VI). Much larger 
amounts of Cr! appeared in the feces than when only Cr*!-labeled erythrocytes 
Were given intravenously. Most of the Cr*! exereted, however, appeared in the 
urine, 
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TABLE VI. DISPOSITION OF CR51* AFTER INTRAVENOUS ADMINISTRATION OF SODIUM CHROMA’: 














ADMINISTERED DOSE (PER CENT) 























TIME AFTER IN IN RED-CELL 

DOSE IN URINE IN FECES | BLOODt | TOTAL} | MASS t 
5 minutes 32.9 18.2 
2 hours 28.4 18.7 
6 hours 25.9 18.5 
1 day 22.0 22.0t 4.7 4.7t 19.9 46.6 16.8 
2 days 13 29.3 4.0 8.7 18.2 56.2 16.7 
3 days 4.8 34.1 0.9 9.6 iy 61.4 17.0 
4 days 2.7 36.8 0.9 10.5 16.9 64.2 16.4 
5 days 2.1 38.9 0.4 10.9 15.6 65.4 15.0 

. Unaceounted for 34.6 











*About 100 uc. 
+Blood volume of 800 ml. was assumed from the weight (9.8 kilograms) of the dog; 
erythrocyte volume of 320 ml. was calculated from the hematocrit (40 per cent). 


¢Figures in these columns are cumulative values. 








COMMENT 








Labeling circulating erythrocytes with radioactive chromium is an 
established and relatively simple in vitro procedure.°’ With Cr? of higher 
specific activity, such as was prepared recently by Harbottle and Maddack,'’ 
there may be less injury to erythrocytes than now occurs when the concentra- 
tion of chromium exceeds 10 wg per milliliter of blood.® 1 Detection of the 
radioactivity (gamma rays of 320,000-electron voltage occurring with every 
tenth or twelfth disintegration) is not difficult with sensitive gamma-ray 
counters. Therefore, this method appeared useful as a means of detecting 
blood in the feces. 

Observations on dogs indicated that the amount of blood entering the 
intestine could be evaluated with fair precision down to volumes of 5 ml. and 
probably less. The data suggest that the Cr*! leaving labeled erythrocytes in 
either the blood stream or in the intestine does not transfer to the other 
compartment to any great extent. Even when solutions containing free Cr’’ 
were given to dogs, less than one-half appeared to move to the other compart- 
ment. 

These studies indicate that labeling of the patient’s own circulating 
erythrocytes should allow qualitative detection and approximate quantitation 
of the gastrointestinal bleeding in man. Genitourinary bleeding might be 
measured by the same method, although probably with less precision, since the 
urinary excretion of Cr*’ exceeded the fecal excretion by somewhat more 
than tenfold in the dog. 

A preliminary report concerning estimation of blood loss in hookworm 
infestation by use of radioactive iron has just been made by Gerritsen and 
associates.'* The technical difficulties of measuring radioiron in the stools 
might be compared with the greater simplicity of methods utilizing radio- 
chromium. 



















SUMMARY 











Erythrocytes from two dogs were labeled with about 100 pe of Cr® 
(sodium chromate) and were returned to the blood of the dogs. Portions of 
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blood withdrawn later were placed in each dog’s stomach and the subsequent 
radioactivity of the feces was determined. By comparing this with the radio- 
activity of the blood, it was possible to express the amount of Cr** in the feces 
as the equivalent of circulating blood in milliliters. The amount of Cr** re- 
covered paralleled closely the amount contained in the blood administered to 
the dogs. 

Additional studies on dogs and rats gave little indication of significant 
transfer of Cr°! from labeled erythrocytes between the blood stream and the 
intestine. 
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THE LIGHT INSENSITIVITY OF THE LIEBERMANN-BURCHARD 
REACTION DURING SPECTROPHOTOMETRIC 
DETERMINATION OF CHOLESTEROL 
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INTRODUCTION 





INCE Grigaut* first introduced a procedure for the quantitative estimation 
of cholesterol utilizing the Liebermann-Burchard reagent, in 1910, the 
question of whether light has an effect of this reaction has apparently never 
been adequately answered. While the majority of references state that the 
color development should take place in the dark,” others!*? have minimized 
the importance of light. Due to these conflicting views, the reaction was re- 
investigated and the reasons for the possible discrepancy studied. 









MATERIALS AND METHODS 













The solvents used in these experiments were all C.P. grade. Two commercial grades 
of cholesterol as well as plasma cholesterol purified via the dibromide derivative were 
compared and no significant difference was found in their color development with the 
acetic anhydride-sulfuric acid reagent. 

Since cholesterol has been determined in a variety of solvents,2, 5, 10,13 the effect of 
light on the Liebermann-Burchard reaction was studied on cholesterol dissolved in the 
usual polar solvent (glacial acetic acid), and in a nonpolar solvent (toluene). In order 
that the time of exposure to light, as well as the concentration of the two cholesterol 
solutions, be approximately the same, some preliminary experiments were necessary. 

Comparison of Cholesterol Standards in Polar and Nonpolor Solvents—Standards con- 
taining various amounts of cholesterol (0.125 to 1.0 mg.) dissolved in 2.0 ml. of glacial acetic 
acid or toluene were prepared. The acetic anhydride-sulfurie acid mixture (20:1) used to 
develop the color was prepared at room temperature and used immediately because of its 
tendency toward decomposition. At regular time intervals, 4.0 ml. of the anhydride reagent 
was added to a blank and to each standard. No exothermic heat due to mixing was noticed. 
The solutions were mixed and the color allowed to develop at room temperature (25° to 
27° C.).14 The maximum optical density of the solutions was read at 625 my on a Beck- 





















TABLE I. CHOLESTEROL STANDARDS IN TOLUENE AND ACETIC ACID 











OPTICAL DENSITY 























CHOLESTEROL _DENSIT’ 7 5 
(MG. ) TOLUENE | ACETIC ACID 
0.125 0.126 0.114 
0.250 0.230 0.222 
0.500 0.466 0.450 
0.750 0.662 0.658 
1.000 0.884 0.887 






man Model B spectrophotometer. From Table I it can be seen that the values for cho- 
lesterol in either glacial acetic or toluene were identical. During routine analysis of 
cholesterol it was found more important to read the maximum optical density rather than 
the optical density at a particular time. 










From the Argonne Cancer Research Hospital, The University of Chicago, Chicago, III. 
Received for publication, March 9, 1954. 


246 










as 


Th 





Volume 44 LIGHT INSENSITIVITY OF LIEBERMANN-BURCHARD REACTION 947 


Number 2 





on --8--~-9... 
- 


ACETIC ACID @-----@ 
TOLUENE Geenenll 


OPTICAL DENSITY 














MINUTES 


Fig. 1.—Kinetics of Liebermann-Burchard reaction: effect of solvents. With the same 
modified Liebermann-Burchard reagent the rate of color development is faster in a nonpolar 
rather than a polar solvent. 
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Fig. 2.—Kinetics of Liebermann-Burchard reaction: effect of sulfuric acid. The rate 


as well as the sensitivity of the color reaction is influenced by sulfuric acid concentration. 
The cholesterol is dissolved in toluene. 
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Effect of Sulfuric Acid on the Rate of Color Development.—While the standard curves 
for cholesterol in acetic acid or toluene are similar (Table I), their rate of color develop- 
ment was markedly different, as can be seen from Fig. 1. Because of the faster forma- 
tion and shorter stability of the color developed in toluene with usual anhydride reagent, 
various ratios of sulfuric acid to acetic anhydride were examined in order to control the 
rate of reaction (Fig. 2). A ratio of 40:1 was found to be most satisfactory, since the 
height of the curve and length of time necessary for maximum color were more similar to 
conditions found in acetic acid (Fig. 1). 



















1.0 





OPTICAL DENSITY 


COLOR DEVELOPED IN: 
o——_—s LIGHT 


@-----@ DARK 
01 700 660 620 580 540 500 460 420 380 340 
WAVELENGTH ™ AL 
































Fig. 3.—Effect of light on the absorption spectrum. Only part of the absorption curve 
(540 to 340 mu) of cholesterol dissolved in acetic acid is effected by exposure to light (300 
foot-candle). Readings were taken every 40 my except at inflection points where shorter 
intervals (5 mu) were measured. 














Effect of Light on Color Development.—With conditions for cholesterol in acetic acid 
and toluene made more comparable, color development in both solvents was examined under 
conditions of darkness, ordinary laboratory lighting (25 foot-candle) and extreme light 
exposure (300 foot-candle). The color developed in the dark was more blue-green than 
green, the color noticed when the solution was exposed to light. However, this difference 















TABLE II, Errect or LIGHT ON COLOR DEVELOPMENT 
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TIME ACETIC ACID TOLUENE 
(MIN. ) LIGHT | DARK LIGHT | DARK 
5 0.108 0.087 0.222 0.245 
10 0.272 0.244 0.569 0.554 
15 0.463 0.444 0.796 0.825 
20 0.546 0.620 0.918 0.925 
25 0.678 0.861 0.922 0.922 
30 0.760 0.722 0.858 0.884 
35 0.852 0.824 0.760 0.822 
40 0.897 0.887 0.734 0.758 
45 0.922 0.922 0.639 0.639 
50 0.894 0.890 0.596 0.601 
60 0.848 0.904 0.554 0.562 





0.678 0.685 0.367 0.365 
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in shade had no effect on the optical density reading when measured at 625 my (Table IT), 
but did show a difference at lower wave lengths (Fig. 3). Similar results were also ob- 
tained for cholesterol extracted from plasma. 


DISCUSSION 


While some authors!*"!* deny the influence of light on the development of 
color with the Liebermann-Burchard reagent, others?® have suggested the use 
of a blackened cabinet or controlled lighting. Indeed, Ireland* and Elman 
and Taussig’® give protocols showing the effect of light on color development. 
The discrepancies between these and other reports may be resolved by examining 
the whole absorption curve of the developed color in the dark and in the light. 
While the optical density of the two solutions measured from 580 to 740 my is 
the same, the difference in shade that is seen can be explained by the light 
sensitivity of the solution in the region of 450 mp. From these data it becomes 
apparent that the effect of light is of importance when a visual colorimeter is 
used, but not with a spectrophotometer, since the latter can be made to meas- 
ure more specifically those portions of the curve that are not affected by light. 


SUMMARY 


1. Light was found to have no effect un the Liebermann-Burchard reac- 
tion for cholesterol from 580 to 740 my in either polar or nonpolar solvents. 

2. Unless measurement from 340 to 540 my is selected to determine cho- 
lesterol, no special precautions concerning light need be taken. 


I gratefully acknowledge the interest and help given to me by Drs. George LeRoy, 
George Okita, and Harold Werbin. 
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FAT EMULSIONS AS CALORIC SUPPLEMENTS IN PARENTERAL 
NUTRITION, WITH PARTICULAR REFERENCE TO 
AMINO ACID UTILIZATION 


Pau R. CANNON, M.D., LAURENCE E. FRaAztEr, M.S., AND RANDOLPH H. HuGHEs 
Cuicaco, IL. 


HE wider clinical use of fat emulsions in parenteral alimentation has been 

delayed mainly because of the difficulty in preparing nontoxic emulsions. 
Moreover, preparations which are originally nontoxic may later become toxic.’ 
Whether this is a result of degradative changes in the fat itself or in the 
stabilizer used to maintain homogeneity has not been determined, but, because 
of the latter possibility, additional surfactants have been tested as stabilizers. 

This report describes experiments in which fat emulsions* stabilized with 
Tween 60 were used as a parenteral source of calories in protein-depleted rats 
undergoing protein repletion. The results demonstrate clearly the nutritional 
value of such caloric supplements, even with emulsions used after several 
months of storage. It should be emphasized, however, that the experiments 
themselves are concerned only with the specific question of the influence of 
parenterally administered fat emulsions upon amino acid utilization in tissue 
synthesis and should not be interpreted as having any necessary relationship 
to the problem of the suitability of similar emulsions for use in human subjects. 


MATERIALS AND METHODS 


Experimental Procedures.—Protein-depleted rats were subjected to protein repletion 
as followst: The animals, in metabolism cages, were fed a low-calorie ration supplying 
a daily intake of 12 nonprotein calories. For the first few days, each rat also was in- 
jected subcutaneously with increasing amounts of a 10 per cent solution of protein hy- 
drolysate (Amigen or Aminosol) until, by the third day, the animal was receiving 18 ml. 
daily (approximately 216 mg. of nitrogen). During this preliminary period of stabiliza- 
tion of four or five days (Period I), the animals became adjusted to the parenteral in- 
jection of hydrolysate while subsisting on a subealoric ration. They were then divided by 
random selection into two groups, A and B. Each animal continued to eat the 12-calorie 
ration while receiving daily injections of hydrolysate (18 ml. per day, in six doses of 
3 ml, each, Period II). In addition, each animal in Group A was injected daily, either 
intraperitoneally or intravenously, with amounts of fat emulsion supplying approximately 
20 additional calories per day. The animals in Group B as a rule received no fat emulsion 
except as specifically noted. The principal difference in the treatment of the two groups 
of rats consisted, therefore, in the presence or absence of supplemental calories from the 
injected fat. Nutritional performance was determined by differences in weight responses 
in the two groups, by comparison with weight gains in rats similarly treated while eating 
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TABLE I. 





COMPOSITION OF THE DIFFERENT RATIONS 







































12-CALORIE RATION | 32-CALORIE RATION 

(5 GM. PER DAY ) PER CENT (10 GM. PER DAY ) PER CENT 
Dextrin 50.2 Dextrin 69.5 
Corn oil 3.0 Corn oil 4.0 
Ruffex 15.0 Ruffex 7.9 
Salt mixture 12.0 Salt mixture 6.0 
Vitamin mixture 3.0 Vitamin mixture 1.5 
Choline (50 per cent) 1.8 Choline (50 per cent) 0.9 
Water 15.0 Water 10.6 
Ol. percomorphum 0.9 drops Ol. percomorphum 0.45 drops 
"SALT MIXTURE | PER CENT | TRACE SALTS | PER CENT 
Calcium carbonate 6.89 Copper sulfate 0.99 
Calcium citrate 30.97 Ferric citrate 92.31 
Calcium phosphate, monobasic 11.33 Manganese sulfate 1.15 
Magnesium carbonate 3.34 Potassium iodide 0.29 
Magnesium sulfate 3.85 Potassium aluminum sulfate 0.66 
Potassium chloride 22.40 Sodium fluoride 3.61 
Potassium phosphate, dibasic 10.44 Zine chloride 0.99 
Sodium phosphate, dibasic 9.40 
Trace salts 1.38 



































a ration yielding 52 nonprotein calories, and by the results of carcass analysis. The 





composition of each type of ration is shown in Table I, The vitamin mixture contained, 
in per cent, nicotinamide, 0.4; calcium pantothenate, 0.2; pyridoxine hydrochloride, 0.1; 
riboflavin, 0.2; thiamine hydrochloride, 0.1; sucrose, 99.0. 

The following emulsions were used: (A) Coconut oil, 15 per cent, with 5 per cent 
glucose and 0.5 per cent Tween 60; (B) Sesame oil, 10 per cent, with 5 per cent glucose 
and 0.5 per cent Tween 60; (C) Apricot seed oil, 10 per cent, with 5 per cent glucose and 
0.5 per cent Tween 60. 

Although most of the experiments employed B, all three emulsions seemed tc be of 
essentially equal value. The particle size was approximately 2 yu or less after homogeniza- 
tion and sterilization. Before use, each emulsion was adjusted to a pH of 7.2 by means 
of 0.56 M K.,HPO, solution and placed in a sterile separatory funnel from which daily 
portions were drawn as a precaution against possible ‘‘creaming.’’ Actuaily, no visible 
creaming occurred and the emulsions maintained their homogeneity remarkably well. All 
intravenous injections were made into a tail vein over a period of 30 to 40 minutes by means 
of sterile disposable tubing (Amisets), usually with the injection of 9 ml. of emulsion. 

The Method of Carcass Analysis.—The intestinal tract was removed, emptied of its 
contents, and returned to the carcass which was weighed and then ground in a meat 
grinder. Alcohol and weighed filter paper used to rinse and wipe out the grinder were 
added to the carcass sample which was then dried in a 60° C. oven for five days followed 
by overnight drying at 110° C. The difference in weight was taken as the amount of 
carcass water. The dried carcass was transferred to a sintered glass extraction thimble, 
extra coarse (57 by 150 mm.), weighed, and extracted for eight hours with a mixture 
of equal parts anhydrous ether and alcohol in an extra large Soxhlet extraction apparatus 
(70 mm. inside diameter). The sample was dried again and weighed. The loss in weight 
was taken as the total carcass fat. The filter paper was removed and the dry, fat-free 
carcass was ground repeatedly in a motor-driven grinder until powdered and homogeneous. 
Dry 2 Gm. samples were ashed in a mufile furnace at 600° C. for six hours and 0.5 Gm. 
Samples were analyzed for nitrogen by the Kjeldahl method. The protein was taken as 
N x 6.25. 


EXPERIMENTAL RESULTS 






The data presented in the accompanying tables and figure demonstrate 
the differences in. repletion performance under the two conditions of caloric 
Intake. In evaluating the results, it is necessary to know the repletion per- 
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formance in rats similarly injected with protein hydrolysate while eating a 
daily ration yielding approximately 32 nonprotein calories. In two groups of 
animals so handled over periods of from eleven to eighteen days, the weight 
gains per rat averaged 2 Gm. per day. This figure may be taken, therefore, 
as a standard of reference in evaluating the effects of caloric supplementation 
by means of fat emulsions. Likewise, in considering the data from carcass 
analysis, it is necessary to know the average values for each constituent as they 
were found in protein-depleted rats at the end of the depletion period. These 
animals will be referred to hereafter as ‘‘base-line controls.’’ Table IT pre- 
sents such data for eleven rats. Group I consisted of four animals with an 
average depletion weight of 145 Gm.; Group II, of seven animals with an 
average depletion weight of 160 Gm. The latter group was somewhat less 
depleted, as shown by a depletion weight loss of 27 per cent, as compared with 
31 per cent in the former group. The values, expressed in grams, are shown in 
Table II. 




















TABLE IJ. CARCASS VALUES, IN GRAMS PER RAT, AFTER PROTEIN DEPLETION ‘‘ BASE-LINE 
CONTROLS’? 


























NO.OFRATS | WATER | PROTEIN. | FAT | 
Group I 4 91.0 + 1.34 26.3 +0.04 14.2 + 1.26 7 
Group II 7 97.5 + 0.8 26.6 + 0.36 20.6 + 1.36 
Average (of 11) 95.2 + 1.2 26.5 + 0.23 18.2 + 1.35 











Examination of the summarized data from the three experiments recorded 
in Table III shows the effectiveness of the fat emulsions in promoting weight 
gains in the animals of Group A, in contrast to the weight loss or the failure 
to gain in the animals of Group B. Thus the average gains in the rats re- 
ceiving the fat emulsions (Period II) approximated 2.5 Gm. per day, a per- 
formance slightly better than that of animals similarly treated over a longer 
period of time while eating the 32-calorie ration. In short, conversion of the 
protein hydrolysate into tissue protein was potentiated largely by the daily 
contribution of 20 calories derived from the injected fat. Careass analyses 
substantiated the validity of the weight gains by showing gains in water and 
protein in amounts well above the values found in the base-line controls. 

Absorption of the emulsions was evidenced by the absence terminally of 
residual fat in the abdominal cavities, except for minimal amounts (from 1 
ml. to 3 ml.) in two animals. Such a high degree of absorption is remarkable, 
however, in that in the preceding seven or eight days, each rat had received 
intraperitoneally 125 ml. or more of fat emulsion. Although in some instances 
hyaluronidase (Alidase) was mixed with the fat emulsion as a possible aid to 
absorption, animals not so treated absorbed the fat as effectively as did those 
receiving Alidase. 

Utilization of the injected fat was demonstrable in the following ways: 
for example, fat stains of the livers showed practically no intracellular fat, 
although early in similar experiments, and even after a single injection of 
fat emulsion, the hepatic cells were found engorged with large fat droplets. 
Moreover, at the completion of the experiments, fat stains of the spleen, lungs, 
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heart, and kidneys also showed an absence of large fat droplets. Utilization 
was also shown by carcass analyses. Thus in the second experiment, recorded 
in Table III, each animal of Group A during Period IT received approximately 
145 ml. of fat emulsion (at least 14 Gm. of fat). If the fat had not been uti- 
lized, carcass analyses should have yielded 14 Gm. plus the amount of body 
fat already present. At the end of Period II, the average value for this in 
the animals of Group B approximated 5 Gm. per rat. Therefore, if the in- 
jected fat had not been utilized, the minimal yield of carcass fat at the end 
of Period II should have averaged at least 19 Gm. The actual yield, however, 
was approximately 13 Gm. per rat. 
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Fig. 1.—The relationship of caloric intake and the fat reserves to amino acid utilization. 


In contrast, the adverse consequences of calorie insufficiency in the ani- 
mals maintained on the 12-calorie ration alone are evidenced by the weight 
losses, the failure to gain water, and the greatly increased loss of body fat. 
Nevertheless, even under these conditions, the carcass values for protein (Ex- 
periments 1 and 2, Table III) actually exceeded the average values found in 
the base-line controls. 

The relationship between amino acid utilization and calorie intake is 
shown, also, in Fig. 1. This figure embodies data from Experiment 1 of Table 
IIT, Experiment 2 of Table IV, and an experiment in which salt solution was 
substituted for Amigen. The weight curves show that in the first four days, 
the rats receiving Amigen while eating the 12-calorie ration, maintained their 
weights, whereas all the rats which ate a 15-calorie ration while receiving salt 
solution instead of Amigen lost weight. Each rat receiving Amigen was in- 
jected intraperitoneally on the fourth day with 12 ml. of fat emulsion; there- 
after, only those of Group A continued to receive fat emulsion. The weight 
curves suggest a lag of about two days in the utilization of the fat, followed 
by rapid gains in the remaining five days of Period II. Of interest is the fact 
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that the animals of Group B maintained their weights for eight days while 
eating the 12-calorie ration and, in fact, seemed to benefit temporarily from 
the single injection of fat emulsion. Thereafter, however, they lost weight 
rapidly. 

The reasons for this sudden loss of weight are suggested by the curves 
representing values for carcass fat. These were constructed from data of 
Table IV and comprise carcass values for twenty rats sacrificed serially in the 
course of Experiment 2 in an effort to compare the consequences of adequate 
and inadequate caloric intakes upon careass constituents. In the case of the 
rats eating the 12-calorie ration throughout it is seen that there was a steady 
loss of body fat for the first eight days followed by a leveling off. On the 
eighth day, however, approximately 70 per cent of the body fat had been lost. 
From then on, a daily intake of 12 calories from the ration alone was no longer 
adequate for amino acid utilization, despite the fact that for the first eight 
days it had been adequate with the same ration. 

The ability of rats to utilize nitrogen despite caloric insufficiency has also 
been emphasized recently by Cox and associates.2, They showed that nitrogen 
retention is possible for tissue synthesis with caloric intakes considerably be- 
low the amounts ordinarily considered adequate. They concluded: ‘‘the 
caloric need has priority over other body demands only when the calorie in- 
take is 25% or less of ad libitum intake’’ and ‘‘protein can be used for body 
growth even in the absence of the full caloric complement when somewhat 
more than 25% of the energy requirements are met.”’ 

Experiments reported previously from our laboratory agree in the main 
with this point of view. Thus in a study of the influence of varying caloric 
intakes upon protein repletion by the use of rations in which the protein in- 
take was constant, we reported maximal utilization of protein at a caloric in- 
take of approximately 1,240 calories per square meter per day and minimal 
utilization at around 560 calories per square meter per day. In short, some 
utilization of protein occurred at a caloric intake about 50 per cent of the 
optimal. In the present experiments, the rats receiving fat emulsions had an 
average caloric intake at the start of Period II of 1,420 calories per square 
meter per day and at the end of the period, an intake of around 1,320 calories 
per square meter per day. Throughout Period II, therefore, the over-all caloric 
intake was slightly higher than that previously reported by us as optimal for 
maximal utilization of protein in tissue synthesis. In contrast, the animals 
not receiving fat emulsion averaged a calorie intake during Period I of ap- 
proximately 680 calories per square meter per day, an intake which was ade- 
quate for the maintenance of weight for about eight days and then became in- 
adequate presumably caused by the critical depletion of fat reserves during 
the eight days of caloric inadequacy and the inability finally to make any 
further contribution of endogenous calories as a supplement to the 12-calorie 
ration. Nevertheless, these animals terminally had an average caloric intake 
of 709 calories per square meter per day and were able to retain some nitrogen 
at a level of caloric intake which was approximately 50 per cent of the optimal 
for these experimental conditions. 
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It is of interest to calculate the possible caloric contributions from reserve 
body fat in Period I. For example, the average fat content of the base-line 
controls was 18 grams per rat (Table II). Carcass analyses done at intervals 
(Table IV) on rats receiving the 12-calorie ration revealed an average loss of 
body fat as follows: 8 grams in the first four days; 5.5 grams in the next four 
days; and no loss in the last four days. The average loss for the first eight 
days was 13.5 grams per rat, which represents 122 calories or about 15 calories 
per day. If it is assumed that during eight days on such a regime, each ani- 
mal obtained 12 calories from the basal ration, 5 calories from Amigen, and 
15 ealories from body fat, weight was sustained for eight days on an over-all 
utilization of 32 calories per day. After the eighth day, however, the labile 
fat having been expended, the rat was forced to subsist on only 17 calories 
per day, and on this intake weight loss ensued. In contrast, the animals getting 
the fat emulsion received, in Period II, 12 calories from the ration, 5 calories 
from Amigen, and 20 calories from the injected fat, an over-all intake of 37 
calories. In comparison with this intake, therefore, the rats with depleted 
fat reserves were unable in the last four days of Period II to maintain weight 
on a ealorie intake approximately 50 per cent less than that of the fat-supple- 
mented animals, although earlier they had been able to do so. Evidently the 
difference in performance depended upon the utilization of their own fat re- 
serves earlier in the process of protein repletion. Of further interest is the 
fact that the animals which received salt solution (18 ml. per day) as a sub- 
stitute for Amigen while eating a ration yielding 15 nonprotein calories were, 
according to the previously mentioned type of ealeulation, actually utilizing 
30 calories per day but, in the absence of nitrogen, were losing weight rapidly. 

From these results it would seem that nitrogen utilization occurred with 
a calorie intake 50 per cent less than the optimal only so long as a reserve store 
of labile fat was contributing needed calories to the metabolic pool. After 
this reserve of potential calories had become exhausted, nitrogen utilization 
was no longer effective in conjunction with such a restricted calorie intake. 

In the previously mentioned experiments, the fat emulsions were ad- 
ministered intraperitoneally, largely as a matter of convenience. In other 
experiments, however, the fat emulsion was given intravenously. In four such 
experiments, employing thirteen animals and Emulsion C, with the duration 
of Period II being five days, weight gains per rat averaged between 1 and 2 
erams per day. During this time, each animal accepted the ration completely. 
In contrast, the rats maintained on the 12-calorie ration alone, although eating 
the ration completely, lost weight. All animals in both groups received either 
Amigen or Aminosol subeutaneously in amounts of 216 mg. of nitrogen daily 
and all gained weight under the influence of caloric supplementation accom- 
plished by intravenous injections of the fat emulsion. 


DISCUSSION 


It is evident from these experiments that the impaired utilization of amino 
acids in tissue synthesis associated with a calorically restricted diet may be 
materially altered by the parenteral administration of a suitable fat emulsion. 
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Previous observations indicating a similar benefit from the parenteral use of 
fat emulsions in protein metabolism have consisted in demonstrations of favor- 
able growth in rats and puppies, in changes in nitrogen balance from negative 
to positive on low-protein, low-calorie diets, and in the elimination of C,,4, in- 
corporated into fat molecules in fat emulsions, into the expired earbon di- 
oxide.» * > ®% 8 Contrary findings of Dunham and Brunschwig, however, that 
the intravenous infusion of fat emulsions failed to promote nitrogen retention, 
led to confusion for a time, but it is now clear that their fat emulsions were 
toxic, as evidenced by the high fatality rate (nine of twenty-four dogs), the 
development of severe secondary anemia, and the presence of fat emboli in 
the lungs and kidneys.® Moreover, since their experiments were reported, the 
value of parenterally injected fat emulsions has been repeatedly demonstrated 
in human subjects. In our experiments, a fact of especial interest was the 
evidence of a rapid improvement in the well-being of the protein-depleted rats 
which received the fat emulsions. For example, in the early days of the re- 
pletion period, the animals occasionally refused to eat all of the basal ration. 
After receiving the fat supplement, however, they soon accepted the ration 
completely and displayed not only a steady gain in weight but also an aug- 
mented activity so that precautions had to be taken to prevent them from es- 
caping from the metabolism cages. It was noteworthy, moreover, that no 
toxic effects were observed with the use of a fat emulsion which had stood 
at room temperature for six months. 

In the present experiments, probably the most striking feature was the 
evidence of the dynamic role of the bodily reserves of fat in facilitating the 
utilization of amino acids in tissue synthesis. This relationship has long been 
recognized clinically, particularly in the treatment of obesity, where it has 
been observed that even with extremely low caloric intakes, nitrogen equilib- 
rium is possible, provided that the protein intake is adequate.'°?? Thus ac- 
cording to Keeton and Dickson, ‘‘stored fat is mobile and easily shifted into 
the metabolizing mixture when the food is deficient in ecalories,’’? and ‘‘the 
store of fat protects the body’s nitrogen against demands for energy.’’!° In 
agreement with this point of view, Elman has maintained that in the parenteral 
feeding of surgical patients, the fat depots may contribute appreciably to the 
total metabolism, thereby ensuring a favorable retention of dietary nitrogen 
during short periods of subealorie dietary intake.“* Our experiments give 
further support to this point of view. In addition they demonstrate the limit- 
ing action of depleted fat reserves in relation to amino acid utilization, as, 
for example, in severely undernourished subjects or in those subjected to a 
subealoriec intake for too long a time. In short, although our observations 
re-emphasize the necessity of an optimal caloric intake for the optimal utiliza- 
tion of amino acids in tissue synthesis, they also indicate that it is possible to 
attain a useful degree of amino acid utilization with calorie intakes consider- 
ably below the optimal, at least for short periods of time, and especially in 
conditions of protein deficiency, where the increased avidity for amino acids 
seemingly enables the tissues to utilize nitrogen even under conditions of 
calorie inadequacy. 
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If these experimental observations are applicable in principle to the prob- 
lem of parenteral nutrition in man, it is obvious that continued efforts should 
be made to provide an optimal caloric intake in so far as possible. Unfortu- 
nately, however, this is usually impossible to achieve. In the meantime, there- 
fore, a less than optimal caloric intake must be depended upon. Our experi- 
ments give some encouragement to the idea, however, that even despite caloric 
deficiency the use of protein hydrolysates or plasma in conjunction with earbo- 
hydrate solutions, vitamins, and salts may nevertheless be of value in lessening 
to some extent the continued loss of cellular constituents. Parenteral ali- 
mentation, by minimizing the catabolic loss of bodily nitrogen, may at the same 
time help to minimize the concomitant loss of other essential cellular constit- 
uents such as potassium, magnesium, phosphates, and doubtless other im- 
portant intracellular metabolites, which, if lost, must be replaced during a 
subsequent rehabilitation period. From this point of view, any type of nu- 
tritional therapy, even though it affords a less than optimal metabolic utiliza- 
tion of amino acids, may still be of therapeutic value. 


SUMMARY AND CONCLUSIONS 


Experiments were performed in an effort to ascertain the influence of 
parenterally administered fat emulsions upon the utilization of amino acids 
in the processes of tissue protein synthesis. Protein-depleted adult male rats 
were subjected to protein repletion by daily subcutaneous injections of protein 
hydrolysate while being fed a subealoric basal ration adequate in salts, vita- 
mins, and roughage. Some of the animals received only protein hydrolysate 
and the subealorie ration; others, similarly treated, also received a calorie 
supplement by means of daily intraperitoneal or intravenous injections of fat 
emulsion. The fat emulsions were stabilized with Tween 60 and showed no evi- 
denees of toxicity, even, as in one experiment, after having stood at room 
temperature for six months. Nutritional performance was measured in terms 
of weight responses in the two groups and by the results of carcass analyses. 

Our conelusions are as follows: (a) The parenteral administration of 
supplemental calories in the form of fat emulsions effected a rapid conversion 
of protein hydrolysate into tissue protein, as evidenced by weight gains and 
by inereases in body water and body protein. Carcass analyses and histologic 
examinations indicated a practically complete utilization of the injected fat 
emulsions and no evidences of tissue damage. (b) Rats not receiving fat 
emulsions were able to maintain weight for eight days while receiving protein 
hydrolysate; they then lost weight rapidly commencing at the time when they 
had lost approximately 70 per cent of their body fat. (¢) The experiments 
demonstrate the dynamic nature of the fat reserves and the capacity of these 
reserves to contribute calories to the metabolic pool for a considerable period 
of time. They indicate that in the presence of protein deficiency, amino acid 
utilization is possible to some degree even with a subealoric dietary intake, at 
least until the source of potential calories in the fat depots is exhausted. After 
such exhaustion, however, amino acid utilization is seriously impaired unless 
an adequate supply of exogenous calories is made available. 
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STUDIES ON RECURRENT APHTHAE: EVIDENCE THAT HERPES 
SIMPLEX IS NOT THE ETIOLOGICAL AGENT, WITH FURTHER 
OBSERVATIONS ON THE IMMUNE RESPONSES IN 
HERPETIC INFECTIONS 
Marvin M. Stark, D.D.S.,* Stpney Kiprick, M.D., Pu.D.,** AND 
Davip WEISBERGER, M.D., D.M.D. 

Boston, Mass. 


HERE is still some uncertainty regarding the role of herpes simplex virus 

in the etiology of recurrent aphthae (canker sores). The general acceptance 
of the term ‘‘recurrent aphthous stomatitis’’ as a synonym for recurrent aphthae 
has been interpreted by some as implying that an etiological relationship exists 
between this condition and aphthous o: herpetic stomatitis. This implication has 
gained further support from the fact that herpetic infection is, indeed, fre- 
quently characterized by the appearance of recurrent lesions. In addition, 
recurrent aphthae may, at times during their course, superficially resemble the 
oral lesions of herpes or occur coincidentally with herpetic infection. It is, 
therefore, not surprising that a relationship between recurrent aphthae and 
herpes simplex is thought by many to exist. The few clinical and laboratory 
studies reported have both supported'* and rejected**® this hypothesis. 

In this paper are presented our cumulative clinical and laboratory experi- 
ence with a series of subjects with histories of recurrent aphthae, herpetic 
infection, or both, along with further evidence indicating that recurrent aphthae 
are not due to infection with the virus of herpes simplex. 


ACUTE HERPETIC GINGIVOSTOMATITIS 

The lesions resulting from an initial infection with herpes simplex virus are known as 
primary herpes. The manifestations of herpetic infection in individuals who already have 
antibodies against this virus as a result of previous exposure are known as recurrent herpes. 
While primary infection may take several clinical forms, such as herpetic vulvovaginitis or 
meningo-encephalitis, the lesions most commonly seen are the intraoral manifestations known 
as acute herpetic gingivostomatitis, and also as herpetic or aphthous stomatitis. In recurrent 
herpes, however, the most frequent lesion is herpes labialis, or the cold sore, which occurs 
on the mucocutaneous junction of the lips. Recurrent lesions, however, may also occur in 
other sites. 

Acute herpetic gingivostomatitis is common in childhood since the virus is widely dis- 
seminated and opportunity for primary exposure occurs early in life. It is characterized 
by fever, foul breath, gingival inflammation, a transitory vesicular eruption in the oral 
mucosa, and submaxillary adenopathy. The lesions are usually preceded by a tingling or 
burning sensation in the areas to be involved. In recurrent herpes, the lesions usually begin 
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as reddish papules often in clusters or groups. These quickly progress to vesicles on an 
erythematous base, rupture, scab, and heal. In primary herpetic gingivostomatitis, however, 
this picture is modified by the intraoral location of the lesions. While the eruption is again 
vesicular, the vesicles are quickly modified by maceration and early rupture and are, there 
fore, rarely seen except in early cases or in protected areas such as on the undersurface of 
the tongue. Occasionally, epithelial tabs at the border of a lesion indicate a vesicle that has 
recently ruptured. The superficial layers of the lesion, representing the edematous roof of the 
collapsed vesicle, become covered with fibrin, dead epithelial cells, and debris, forming a yellow- 
gray plaque. This may then slough, resulting in a shallow ulcer which goes on to heal with- 
out scarring, the whole process taking up to two weeks. Pain, while prominent at first, dis- 
appears before healing is complete. While primary herpetic infection may involve any portion 
of the oral mucosa, the lesions are most common on the tongue, cheeks, and gingivae. They 
may vary considerably in number and size, but are usually less than 1 cm. in diameter, and 
occasionally may coalesce. 

Biopsies from herpetic lesions show three characteristic pathologic findings. These 
consist of a ballooning degeneration of the epithelial cells, the presence of multinucleate giant 
cells, and the presence of intranuclear inclusion bodies in the affected cells. The ballooning 
degeneration, while most prominent in the intact vesicle, may also be found at the edges of 
the collapsed vesicle. These changes are not specific for herpes simplex, since they occur 
also in lesions due to herpes zoster and to varicella. In the absence of these changes, how- 
ever, in recent lesions of questionable herpetic etiology, a nonherpetic etiology may be assumed. 


RECURRENT APHTHAE 


Recurrent aphthae are known also as recurrent aphthous ulcers, canker sores, and 
recurrent aphthous stomatitis. The latter term has little to recommend it, since stomatitis 
implies a diffuse inflammatory reaction involving all portions of the oral mucosa, whereas 
the lesions of recurrent aphthae are quite localized. Many theories as to the etiology of 
these lesions have been advanced. They have been attributed not only to infection with 
herpes simplex but also to trauma, food or drug allergy, menstruation, and to psychic factors. 
The assumption that these lesions were due to herpes simplex and the subsequent failure to 
distinguish carefully between the oral lesions of primary herpetic infection and recurrent 
aphthae have resulted in many confusing descriptions of this disorder. During the past fifteen 
years one of the authors (D. W.) has had the opportunity to examine, both at the Harvard 
School of Dental Medicine and at the Dental Clinic, Massachusetts General Hospital, over 
300 patients with recurrent aphthae. A large number of these patients have been studied 
over long periods and through many recurrences of their aphthae. The results of these studies 
are summarized here. 

The location of these lesions, in order of decreasing frequency, based on over 100 cases, 
were the buccal mucosa, buccal sulcus, lateral margin of the tongue, mucosal surface of the 
lips, floor of the mouth, soft palate, and the gingivae. Lesions on the marginal gingivae, 
however, are rarely seen. There was no associated diffuse redness of the gingivae as often 
seen in herpetic stomatitis. As in herpetic infection, however, a premonitary tingling or 
hyperesthesia was frequently present in the affected area as early as twenty-four hours prior 
to development of the lesion. 

The lesion when seen early is usually characterized by a small localized oval area of 
redness as opposed to traumatic aphthae where the margins of the lesion are irregular. The 
adjacent tissue is not involved. This progresses rapidly to the development of a superficial 
yellow to grayish membrane which may be surrounded by a fine zone of erythema. Vesicle 
formation in the intervening stage has not been observed. Pain is a prominent symptom 
and may be so severe that nutrition is impaired. Within two to three days following the 
development of the membrane a superficial slough occurs, leaving a shallow ulcer, the base 
of which soon becomes covered with grayish granulation tissue. Dependent upon the duration 
of this stage, a variable amount of induration of the periphery develops, and finally, after 
a period of one to six weeks, the ulcer heals with or without scar formation. Unlike the 
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lesions of primary herpes which are usually multiple, appear over a short period, and frequently 
coalesce, recurrent aphthae are usually solitary lesions. They may be multiple, however, in 
the sense that successive lesions may appear in new locations before the older lesions have 
healed. Recurrences may occur as frequently as from three weeks to three months, at the 
same or different sites. 

The number of female clinic patients with recurrent aphthae was considerably greater 
than the number of males with this disorder. This frequency may be biased, however, since 
females with minor complaints are more apt to attend daytime clinics than are working males. 
This disorder may perhaps be less severe or recurrences less frequent prior to adolescence 
since no younger children were seen in either clinic with this as a primary complaint. Recur- 
rent aphthae are not uncommon in childhood, however. Of 400 children attending the Dental 
Clinie at the Children’s Medical Center, Boston, five had histories of frequent episodes of 
recurrent aphthae.? Further data on the frequency of this disorder in childhood were obtained 
at a children’s camp where all minor ailments were seen. In a two-month period, five such 
episodes were noted among 300 campers. 

While the histories of many of the clinic patients with this disorder suggested food 
allergy as the cause of the lesions, the use of elimination diets, skin tests, and antihistaminics 
had no consistent effect on the frequency of recurrences and offered no support for this 
hypothesis. In females, the lesions were found to occur during all portions of the menstrual 
cycle but were neither influenced by, nor specifically associated with, menstruation. In ten 
women with long histories of frequent, severe episodes of recurrent aphthae, however, no 
lesions developed during pregnancy from about the third month to one month post partum, 
following which the recurrent lesions again appeared. As a result of this observation, a 
small number of the more severely incapacitated patients were treated with estrogens or 
androgens but again without consistent effect. Since repeated smallpox vaccination is some- 
times successful in reducing the frequency of recurrent herpes, this was also tried in approxi- 
mately fifty patients with severe recurrent aphthae but again with no consistent effect on 
either the severity or frequency of the lesions. Similar results on repeated revaccination 
were also obtained by Losch7 in fourteen additional cases so treated. Correction of vitamin 
deficiencies when present and empirical use of large doses of water-soluble vitamins were 
of no value in this disorder. Antibiotics, both locally and parenterally, did little aside from 
controlling local secondary infection when present. 

The recurrent aphthae were not associated with any characteristic blood picture and 
fever was usually absent or slight, except in those cases where secondary infection was also 
present. In such cases a submaxillary adenitis was occasionally seen. 

Blank and associatesé were unable to demonstrate specific herpetic intranuclear in- 
clusions in lesion biopsies from fourteen patients with recurrent aphthae. In similar biopsies 
from five patients with recurrent herpes and four with primary herpetic gingivostomatitis, 
such specific inclusions were present in eight. A total of twenty-three lesion biopsies were 
performed on patients with recurrent aphthae under our care. While these represented 
primarily lesions at the membranous stage, six represented the early nonmembranous. or 
red stage. In none was any evidence of specific herpetic intranuclear inclusions noted, thus 
confirming the observations of Blank and his co-workers.é 

Pathologically, the lesions have no characteristic histology. Microscopic examinations 
of the earlier stages reveals primarily mild inflammatory changes and round-cell infiltration. 
In the later stages granulation tissue and fibrosis are the most prominent features. 


MATERIAL AND METHODS 


Subjects——The present study was undertaken to re-evaluate the role of herpes simplex 
virus in recurrent aphthae. The subjects consisted primarily of dental students and of pa- 
tients attending the dental clinics at the Massachusetts General Hospital and the Harvard 
School of Dental Medicine. A concentration of patients with recurrent aphthae was avail- 
abie because of the interest in this condition at these clinics, a number of these subjects 
having been followed there for long periods of time. All subjects were questioned for his- 
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tories compatible with primary or recurrent herpetic infection, as well as for histories of 
recurrent aphthae. A number with no histories of recurrent aphthae were also included as 
controls. A total of 101 blood specimens were obtained from sixty-two subjects ranging 
from 9 to 53 years in age and with a median age range of 20 to 30 years. Of these, thirty, 
eleven males and nineteen females, had proved histories of recurrent aphthae dating back 
from one to thirty years. The median age range in this group was also 20 to 30 years. Sixteen 
of the patients with recurrent aphthae had episodes of this disorder during the period covered 
by this study. In the remainder this diagnosis had previously been repeatedly confirmed by 
competent observers. Multiple sera representing preacute or acute, and convalescent speci 
mens were available on fourteen of these patients, the convalescent specimens having been 
collected from two to ten weeks after onset of the recurrent lesions. All sera were separated 
immediately after collection and stored at -17° C. until used. 

Methods.—All of the sera collected were tested for the presence of antibodies against 
the herpes simplex virus. Complement fixation and/or virus neutralization techniques were 
employed. In addition, a selected number of the subjects were skin tested with a soluble 
herpes simplex antigen. The details are given later. 

Complement fixation test: The drop method of Fulton and Dumbell,’ as modified by 
Svedmyr and associates,9,10 was used. The antigen was prepared by amniotic inoculation 
of 8-day-old fertile eggs with the Z strain of herpes simplex. This strain, previously used 
in complement fixation studies by Gajdusek and co-workers,11 was originally isolated by 
these workers from a patient with acute herpetic gingivostomatitis. The infected amniotic 
fluids were harvested when the embryos showed markedly decreased activity or shortly after 
death, usually from forty-eight to seventy-two hours after inoculation. Fluids from eggs 
dying in the first forty hours were not included. The fluids were pooled, sealed in 1 ml. 
amounts, and stored in the CO, chest until used. Following ‘‘box titrations’’ with both 
rabbit and human antiherpes sera, a 1:3 dilution of this fluid in Veronal buffer was adopted 
as antigen for the tests. The identity of this antigen as herpes simplex was confirmed by 
tests with known positive and negative human and rabbit sera. All sera tested were first 
inactivated at 56° C. for 30 minutes. Twofold serum dilutions, starting at 1:2, were used 
in the tests. Results were recorded in terms of the initial serum dilutions. Standard controls 
were included with each series of tests. 

Neutralization tests: Tissue cultures of embryonic chick and of a large variety of 
human tissues are known to support the growth and multiplication of herpes simplex. In 
roller tube cultures this growth is associated with a specific cytopathogenic effect12, 13 which 
is inhibited by the presence of specific neutralizing antibodies.12 All neutralization tests 
in this study were performed with chick embryonic tissue using the roller tube tissue culture 
technique. Roller tubes were prepared after the method of Robbins and associates!4 using 
minced 8-day-old chick embryos as the tissue source. The standard Hanks-Simms roller 
tube medium was modified by substitution of chick embryo extract for the beef embryo ex- 
tract, since the use of homologous tissue extract in the medium resulted in better tissue 
growth. Excellent growth was usually present within two to three days, at which time the 
tubes were inoculated. The sera to be tested were inactivated at 56° C. for 30 minutes im- 
mediately before use. They were usually tested undiluted, although a small number were 
also tested at 1:8. One volume of the serum or serum dilution was mixed with an equal 
volume of tissue culture grown Z strain herpes suspension so diluted as to contain 50 ID; 
(for roller tubes) per 0.1 ml. The serum-virus mixtures were kept at 4° C. for 1 hour and 
0.2 ml. was then added to each roller tube culture. Uninoculated and virus controls were 
included with each set of tests. In the absence of neutralizing antibodies, a cytopathogenic 
effect was evident with this inoculum within two’to three days. In the presence of neutraliz- 
ing antibodies the growth of the tissue was unimpaired. Readings were discontinued seven 
days after inoculation. 

Skin tests: The skin tests were performed as described by Jawetz and associates!® 
with a soluble skin-test antigen obtained from Dr. Jawetz. This antigen was prepared from 
egg fluids after inoculation with the HR herpes strain. Previous studies with this material 
have already been reported.15 Pooled, uninoculated egg fluids of similar age were used as 
controls. A further discussion of the skin test is included with the results. 
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RESULTS 


Complement Fixation.—Complement fixation tests were done on ninety- 
eight sera representing fifty-nine subjects. This included twenty-nine subjects 
with histories of recurrent aphthae and thirty controls with no history of this 
disorder. Data correlating the past herpetic histories of both of these groups 
with the presence or absence of herpes complement-fixing antibodies are 
presented in Table I. As ean be seen from this table, all subjects in both groups 
with a positive or questionable history of herpetic infection had demonstrable 
complement-fixing antibodies against herpes. The presence of these antibodies 
in a number of subjects with no known herpetic history is consistent with past 
inapparent herpetic infection. The absence of herpetic antibodies in thirteen 
subjects with recurrent aphthae but with a negative history for herpes may be 
interpreted as presumptive evidence that recurrent aphthae are not due to 
infections with the virus of herpes simplex. 


TABLE I. CORRELATION OF HERPETIC HISTORY AND HERPES COMPLEMENT FIXATION TEST 
' PAST HERPETIC HISTORY | PATIENTS TESTED | NO. WITH CF ANTIBODIES 
Recurrent Aphthae 

Positive 7 

Questionable 2 

Negative 20* ‘ 

Totals 29 16 (55%) 
No Recurrent Aphthae (Control Group) 
Positive 18 18 
Questionable 3 3: 
Negative 9 3 
Totals 30 24 (80%) 


*Includes three subjects whose sera were negative at 1:4, the lowest dilution tested. 



































Only 55 per cent of our subjects with histories of recurrent aphthae were 
found to have complement-fixing antibodies against herpes as compared with 
80 per cent in the control group. The combined incidence of complement-fixing 
antibodies for both groups was 68 per cent. This figure, while lower than the 
90 per cent incidence of herpes-neutralizing antibodies reported for this age 
group by Buddingh and associates,'® and the 80 per cent reported by Burnet 
and Lush,?’ is consistent with data from Scott and colleagues,'® who found 
neutralizing antibodies in 63 per cent of adult subjects tested. 

Burnet and his co-workers found that human sera contained either large 
amounts of herpes-neutralizing antibodies or none at all.17.1* ?° This led them 
to eonelude that the antibody response to infection with this virus followed an 
‘fall or none’’ pattern, thus differing from the variation in responses seen in 
other infectious diseases. This observation, which was generally accepted, was 
explained by the suggestion that following primary herpetic infection, the virus 
persists in the body and by continued antigenic stimulation and _ periodic 
exacerbations maintains the neutralizing antibodies at their constant high levels.** 

More recent data, however, have indicated that this ‘‘all or none’’ neutral- 
izing antibody response may have resulted from the test methods employed. 
Thus, by use of modified techniques, several authors have been able to demon- 
strate that a wide range in the herpes-neutralizing ability of various human sera 
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does exist.* 1® 22, 28,24 Further studies in which patients have been followed for 
prolonged periods after their primary herpetic infections indicate that the 
initial high neutralizing antibody titers are not necessarily maintained, but 
may drop to relatively low levels as is the case in other infectious diseases.*® 7% * 
This suggests that exogenous reinfection with herpes simplex may be necessary, 
at least in some eases, for continued maintenance of a high antibody titer. That 
other factors may also be involved is indicated by one case report where reisola- 
tion of the virus after the original antibody titer had dropped to a low level 
was not associated with an antibody rise.*® 

Data from the reports of several investigators indicate that the herpes 
complement-fixing antibody content of different human sera may also vary over 
a fairly wide range.’ 2% 27, 28,29 his finding is confirmed in the present study 
by the data presented in Table II. It is also apparent from this table that the 
median herpetic antibody titer of our subjects with histories of recurrent aphthae 
was approximately 1:2, whereas the median titer of the control group fell he- 
tween 1:4 and 1:8. This finding is again inconsistent with the hypothesis that 
recurrent aphthae are due to infection with herpes simplex. 


TABLE II. HeErPES SIMPLEX COMPLEMENT-FIXING TITERS IN INITIAL SERA FROM 
FIFTY-NINE SUBJECTS 


CF TITER (BASEDON a oe | 
INITIAL SERUM DILUTIONS) | ease) 2321) 0s4| 128} 1206 | 2:82 | 1364] 1:928 | Tora, 


No. of Subjects 
a. With recurrent aphthae 13* 1 4 q + 3 
b. Without recurrent aphthae 6 1 3 7 7 3 2 1 
(control group) 


*Includes three subjects whose sera were negative at 1:4, the lowest dilution tested. 


Neutralization Tests.—Roller tube neutralization tests were done on sixty- 
five sera representing thirty patients, the majority with low or absent comple- 
ment-fixing titers against herpes. This group was selected to provide a check 
on the sensitivity of the complement fixation test results. Fifteen patients had 
no herpes complement-fixing antibodies in their sera at 1:2, the lowest dilution 
tested, and of these, none showed neutralizing antibodies with the method em- 
ployed. Thirteen additional patients, all with complement-fixing antibodies, 
showed the presence of neutralizing antibodies as well. There were, however, 
two patients, one with no complement-fixing antibodies at 1:2, and the other 
with none at 1:4, the lowest dilution tested, who were feund to have neutralizing 
antibodies against this virus. This would seem to indicate that the complement 
fixation technique may be a somewhat less sensitive indicator of previous herpetic 
infection than the neutralization test. The presence of herpes-neutralizing 
antibodies, usually in low titer, in the-absence of demonstrable complement- 
fixing antibodies has also been reported by others.’) ** °° 

Skin Tests—Both viral and soluble antigens have been employed as skin- 
test materials for herpes simplex infection.’® ** °° In the present study a soluble 
antigen prepared from egg fluids infected with the HR herpes strain, and ob- 
tained from Dr. E. Jawetz, was used. This antigen, while distinct from the 
infective virus particle, is associated with a ecomplement-fixing antigen since it 
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is eapable of fixing complement with human sera containing herpes antibodies.” 
The material apparently has broader antigenic specificity than the infective virus 
particle. Jawetz® found that persons whose sera neutralized homologous but 
not heterologous herpes virus nevertheless gave positive skin reactions with 
materials prepared from these heterologous strains. This observation that hu- 
man herpetic sera may vary in their ability to neutralize different herpes strains 
is in keeping with other recent data indicating that antigenic variation does occur 
among strains of this virus.*! According to Jawetz and associates,’* this antigen, 
when injected intradermally in a 0.1 ml. volume into the flexor surface of the 
forearm, uniformly gave positive skin reactions in all of their subjects who showed 
neutralizing antibodies against herpes. Positive reactions consisted of an area of 
erythema from 7 to 40 mm. in diameter and were usually associated with some 
induration. Negative and control reactions showed no induration and were less 
than 5 mm. in diameter. The maximum reaction occurred between eighteen 
and twenty-six hours, but occasionally at forty-eight hours. 

Skin tests were performed on nineteen of the subjects included in this study. 
The results of these tests, together with additional data on herpes-neutralizing 
and complement-fixing antibodies, are presented in Table III. The past status 
of these subjects with regard to recurrent aphthae is also included in this table. 
The antibody studies were carried out on the initial blood specimens collected. 
Neutralizing antibodies are recorded as present (+) or absent (0), and comple- 
ment-fixing titers are given in terms of the initial serum dilutions. 


TABLE III. CORRELATION OF HERPES SIMPLEX SKIN TEST WITH NEUTRALIZING AND 
COMPLEMENT-FIXING ANTIBODIES AGAINST HERPES 


————— —= 
HISTORY OF | 





"SKIN TEST | -_ | 
| RECURRENT | ANTIGEN | CONTROL | NEUTRALIZING | CF 
SUBJECT | APHTHAE | (MM.) | (MM.) | ANTIBODIES | TITER 


| 


. Fis. a 40 + 1:4 
2: Jon: + 28 1:2 
oD. PAO: 23 1:4 
4, Ada. 20 1:16 
5. Clu. 31 1:16 
3. Sha. 16 1:16 
. San. 20 Not done 
8. Pace. 25 24* 
9. Uli. 8 72 

. Bin. 10 

. Pie. 19 
2. Vin. 45 
3: Kn: 14 
. Mar. 0 
5. Bea. 0 

ol. 0 

. Har. 0 
8. Dut. 0 
9. Jam. 0 


SOOtrtttteertet 


t++Ote¢OSCtttett+O0Or 
eseoocoeso 
| fh He DO DO DO bo BO BO bo PD 


fa 
~ 


*Lowest dilution tested. 


Subjects 1 to 9, all of whom had neutralizing antibodies against the Z 
strain of herpes, also gave positive skin tests, thus confirming the results of 
Jawetz and associates.1° There was no evident correlation between the titers 
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of complement-fixing antibodies and the sizes of the positive skin reactions. 
Subjects 8 and 9, who had no demonstrable antibodies by complement fixation, 
nevertheless had both neutralizing antibodies and positive skin tests. 

The results with subjects 10 to 13 are of interest. These four patients had 
neither complement-fixing nor neutralizing antibodies, yet all gave positive skin 
tests. While this may indicate a broader antigenic specificity of the skin-test 
antigen, as has been suggested,?® similar reactions of a nonspecific nature have 
been noted with egg-prepared mumps skin-test antigen.*? 

Six subjects, 14 to 19, had negative skin tests and no demonstrable neu- 
tralizing or complement-fixing antibodies for herpes. It is noteworthy that five 
of these six subjects had histories of recurrent aphthae yet failed to react, again 
indicating that recurrent aphthae are not due to herpes simplex. Thus while 
the presence of neutralizing antibodies against herpes was found to be associated 
with a positive skin test in all subjects tested, their absence was not always asso- 
ciated with a negative skin test. 

Three of the subjects, 10, 15, and 17, who had no demonstrable herpes 
antibodies when skin tested, were again bled and their sera tested two to three 
weeks after the skin tests were done. The sera showed no rise in antibody titers, 
thus confirming the observations in animals by Jawetz and associates’ that this 
skin-reactive material was not a satisfactory immunizing agent. 

Herpetic Infection and Recurrent Aphthae.——Buddingh and _ associates’ 
were able to recover herpes simplex from 7 per cent of 571 normal individuals 
of various ages who had no clinical evidence of herpetic infection at the time. 
The virus was isolated from 2.5 per cent of adults tested and from 9 per cent 
of the 3- to 14-year age group. In twelve patients 1 to 3 years of age, herpes 
virus was demonstrable in the saliva or stools for an average of twenty-three 
days following primary infection, and in the individual cases for as long as forty- 
two days. In one ease the virus was reisolated sixteen weeks after the original 
infection. 

While several investigators have reported the isolation of herpes simplex 
from recurrent aphthae,’ * the relatively high incidence of inapparent herpetic 
infection and the frequency with which this virus may be recovered from the 
mouths of apparently normal individuals decrease greatly the etiological signifi- 
cance of herpes isolations from patients with recurrent aphthae. Further evi- 
dence that herpetic infection may occur concurrently with recurrent aphthae 
was provided by three of our subjects who, while under observation with recur- 
rent aphthae, developed in addition the recurrent lesions of labial herpes. 

Antibody studies are usually of little diagnostic value in patients with 
recurrent herpes since the herpes antibody levels are already elevated at the 
time recurrent lesions appear. Once herpetic antibodies have dropped to low 
titer, however, recurrent infection with ‘this virus may result in a significant 
increase in titer.° °° Under similar conditions, recurrent aphthae, if due to 
herpes, might also be expected to produce such a rise, but the possibility of a 
concurrent subclinical herpetic infection as the cause of a herpetic antibody in- 
erease would still remain. The absence of herpetic antibodies in patients with 
recurrent aphthae would, however, seem to constitute valid evidence against 
a causal relationship between herpes and recurrent aphthae. Eleven of our 
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thirty patients with recurrent aphthae had no demonstrable herpes antibodies 
at the time their initial blood specimens were obtained. Data on these patients 
are summarized in Table IV. As ean be seen from this table, seven of the eleven 
had a further episode of recurrent aphthae during the course of this study and 
none showed a rise in herpetic antibodies during convalescence from their lesions. 
The possible significance of the positive skin tests in two of these subjects, 6 and 
7, has already been discussed. 


TABLE IV. EFrrect OF RECURRENT APHTHAE ON HERPETIC ANTIBODY TITERS OF 


NONHERPETIC SUBJECTS 








HISTORY 
OF 


| RECURRENT 
APHTHAE 


| LAST 
PATIENT (yR.) | 


LESION 


| 
| 
| 
| 


SERA 
| TESTED 


NEUT. 
ANTI- CF 
BODIES | TITER 


| 


SKIN 
TEST 








‘1. Mar. = 2 5 9/7 6/53 


1/26/53 


2. Bea. 


3. Gol. 2/13/53 


11/21/52 
2/ 6/53 
3/23/oe 
1/26/53 
2/18/5¢ 


i) | 
nes) 


Neg. 
2/6/53 


Neg. 
2/18/52 


Neg. 


3/3/53 
Neg. 
1/27/53 
Neg. 
4/6/53 

10 mm. 
(Cont. neg.) 
1/26/53 


. Dut. 12/ 9/52 


ok 


D; wom: 3/18/53 


*K 


© 


Cristi or St 1S oro 


}. Bin. 2/ 1/53 11/26/: 
1/13/5: 
1/26/5: 
2/13/5¢ 
12/ 2/9! 
1/29/35. 


Oro ct 


19 mm. 
(Cont. neg.) 


Pie. 55 2/ 2/52 


| 
WNW NNHYNAKRAR ADD NM NDNM DD 
* * 


C9 DO GO GO GO DO © GO GO DO & YD GO 


oh | 


8. Eli. 10/ 2/52 
4/ 7/53 
. Jen. al ‘ d ? 2/ Tfs3 
3/13/53 
1/13/53 
1/29/53 


Sta. 32 M 

. Che. 26 M 
*Lowest dilution tested. 
jFirst trimester of pregnancy. 


DO DO bo DO bo bo 


No lesions thereafter. 


Preacute or acute and convalescent sera were also available on seven other 
subjects with recurrent aphthae who possessed both neutralizing and comple- 
ment-fixing antibodies against herpes. In five of these the herpes complement- 
fixing titers of the initial sera were 1:4 or lower, yet none showed a rise in 
complement-fixing titer during convalescence from their recurrent aphthae. 

In one subject with a history-of both recurrent labial herpes and recurrent 
aphthae, an attempt was made to isolate herpes simplex from a recurrent lesion 
in the buecal mucosa. The uleer was removed to the depth of the submucosa 
under local anesthesia, and the tissue ground with alundum and a few milliliters 
of sterile milk containing 100 units of penicillin and 100 yng of streptomycin per 
milliliter. After centrifugation the supernate was sealed and stored in the CO, 
chest until used. Three attempts to isolate the virus from this supernate into 
click tissue culture roller tubes, using inocula varying from 0.1 to 0.5 ml., 
were all unsuccessful. 
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DISCUSSION 


Dodd and Ruchman® were able to recover herpes simplex from each of 
eleven patients with primary herpetic gingivostomatitis. Similarly Blank and 
associates® obtained positive isolations from twenty-eight of thirty-five such 
eases as well as from all of sixteen cases of recurrent herpes. Thus, in known 
herpetic infection, attempts to recover the virus are successful in a high per- 
centage of the cases. 

While a number of investigators have also attempted to isolate this virus 
from recurrent aphthae in an attempt to evaluate the role of herpes simplex in 
this condition, the results have been almost uniformly negative. Blank and eol- 
leagues® were unsuccessful in all of twenty-seven such cases, as were Rosenstein 
and Ziskin‘ in four further cases. Dodd and Ruchman’ were able to isolate 
this virus from only one of eleven subjects with recurrent aphthae. In this one 
ease the virus was recovered during the first attack which was atypical for 
herpes, but could not be recovered during subsequent episodes. Herpetie anti- 
bodies were present in this subject two days after the acute attack and showed 
no subsequent rise. Herpes virus was also demonstrated in the saliva of two 
further subjects with recurrent aphthae by Scott and co-workers,’ but only on 
one oceasion and at a time when neutralizing antibodies were already present. 
One of these patients, moreover, had recovered from labial herpes only a short 
time before. Kilbourne and Horsfall® recovered this virus during three of five 
episodes of recurrent aphthae in one subject but failed in several other attempts 
in the same subject when such aphthae were absent. Their patient also had 
neutralizing antibodies at the time their studies were begun. While the previ- 
ously mentioned data may perhaps suggest that some cases of recurrent aphthae 
are due to herpes simplex, the small percentage of virus recoveries from patients 
with this disorder, as well as the ubiquity of this virus, suggest more strongly 
that the occasional isolation reported could represent a coneurrent herpetic 
infection. 

Herpes antibody studies also offer little support for an etiological relation- 
ship between recurrent aphthae and this virus. Of eleven subjects with this 
disorder studied by Dodd and Ruchman,’ nine had insignificant titers of herpes- 
neutralizing antibodies. Acute and convalescent sera, available on seven of 
these subjects, showed no antibody rise following recovery. Of the two addi- 
tional subjects with high antibody. titers, one already had an elevated titer at 
the time the acute serum was drawn. The other showed a marked antibody 
response but the time lapse between acute and convalescent specimens was eight 
months. Since virus isolation attempts in this case were negative, an interven- 
ing herpetic infection seems likely as the ¢ause of the rise in titer, especially since 
this subject had already had recurrent aphthae for four months when first seen. 
Studies by Blank and associates® on thirteen subjects with recurrent aphthae 
revealed five with no herpetic neutralizing antibodies at the time of initial ex- 
amination, and none developed antibodies during convalescence from their 
lesion. Similarly, Gajdusek and co-workers" often failed to detect herpes com- 
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plement-fixing antibodies in sera from patients with recurrent aphthae and 
therefore suggested that causes other than the herpes virus were responsible 
for these lesions. 

In the present study, eleven additional patients with recurrent aphthae but 
with no demonstrable herpes antibodies are presented. These patients not only 
had long histories of frequent past episodes of this disorder but in the case of 
seven, developed such recurrent lesions while under study. The data presented, 
together with the absence of pathologic findings consistent with herpetic infection 
in the lesions of this disorder indicate that herpes simplex is not the etiological 
agent of recurrent aphthae. 


SUMMARY 


One hundred and one sera from sixty-two subjects with histories of recur- 
rent aphthae, herpetic infection, or both, were examined for antibodies against 
herpes simplex by means of the complement fixation and/or virus neutralization 
techniques. In addition, nineteen of the subjects were skin tested with a non- 
viral herpes antigen prepared from infected egg fluids. 

Forty, or 68 per cent, of fifty-nine subjects tested were found to have herpes 
complement-fixing antibodies. The positive group included five patients with 
questionable herpetic histories and ten with no knowledge of past herpetic 
infection, thus re-emphasizing the frequency of mild and subclinical infection 
with this virus. 

Subjects with herpes complement-fixing antibodies show the same variation 
in serum titers as found in other infectious diseases. 

The incidence of herpes complement-fixing antibodies in subjects with recur- 
rent aphthae was not increased as compared to that of a control group with no 
history of this disorder. 

Sera negative for herpes antibodies by complement fixation may occasionally 
contain neutralizing antibodies against this virus. 

Tests with a soluble herpes skin-test antigen prepared in eggs revealed that 
while the presence of neutralizing antibodies against herpes was associated with 
a positive skin test their absence was not always associated with a negative test. 

Of thirty patients with recurrent aphthae, eleven had no demonstrable 
antibodies against herpes simplex. It is noteworthy that seven of these eleven 
patients were skin tested with herpes antigen and five failed to react. The 
same seven patients developed recurrences of their lesions while under study. 
None showed a rise in herpes antibodies during convalescence from this disorder. 
These findings, together with the fact that the lesions of recurrent aphthae are 
pathologically inconsistent with herpetic infection, make a herpetic etiology 
for this disorder unlikely. 

Inapparent herpetic infection may explain the occasional reported recovery 
of herpes simplex from patients with recurrent aphthae. 


We gratefully acknowledge the helpful suggestions of Dr. J. F. Enders during the 
course of this study. Thanks are due also to Dr. 8. Chapman for assistance in the preparation 
of the herpes CF antigen, and to Miss Ann Holloway for aid with the complement fixation 
technique. 
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JAUNDICE AND XANTHOCHROMIA OF THE SPINAL FLUID 


L. B. Berman, M.D.,* L. W. Lapuam, M.D.,** anp E. Pastore, A.M.*** 
Boston, Mass. 


INTRODUCTION 

SURVEY of standard texts of neurology reveals a striking absence of data per- 
A taining to cerebrospinal fluid bilirubin in patients with jaundice. Occasionally the 
statement may be found that severe or long-standing jaundice discolors the spinal fluid,1 
but for the most part no mention is made of the subject. In monographs devoted to 
cerebrospinal fluid,?-4 it is similarly stressed that a rise in serum bilirubin will not com- 
municate itself to the spinal fluid until it is either of long duration or of considerable mag- 
nitude. Schmorl5 made the interesting observations that spinal fluid stains less readily than 
pleural or ascitic fluid in the presence of jaundice, and that ventricular fluid is significantly 
less colored than that of the lumbar sac. Eskuchen and Lickint,é in a study of the cholesterol 
content in spinal fluid, included measurements of spinal fluid bilirubin in a variety of 
diseases. They found a level of 0.25 mg, per cent in a case of acute yellow atrophy of the 
liver, with a serum level of 21.95 mg. per cent. Zero or trace values were reported in the 
remainder of their cases. They did net describe their method, nor any further details 
of this aspect of their study, but the data lent support to the same conclusions held by 
others regarding the late appearance of xanthochromia in the spinal fluid in the presence 
of jaundice. 

More recently, with the awakening of interest in leptospiral diseases, articles?: § 
have appeared stressing the frequency of xanthochromia in patients with Weil’s diseases 
who are jaundiced and who have meningitis. The assumption is made that the normal 
meninges present an effective barrier to slightly or moderately elevated levels of serum 
bilirubin, while inflamed meninges are easily permeable to serum bile pigments. This 
premise has not been intensively examined. In the past year, Amatuzio and associates? 
have presented data on serum and spinal fluid bilirubin in twenty-one patients with either 
cirrhosis or hepatic coma, all of whom were jaundiced. Eighteen of the spinal fluids 
examined contained bilirubin in amounts ranging from 0.1 to 0.2 mg. per cent, almost all 
of it being the one-minute or direct-reacting type. They concluded that jaundice need 
not be intense or of long duration in order to produce detectable amounts of bilirubin 
in spinal fluid, and that there is no correlation between the levels of serum and spinal 
fluid bilirubin. 


The present study was undertaken to define more precisely the conditions 
under which bilirubin may appear in the spinal fluid in patients with jaundice. 
We proposed (a) to analyze for bilirubin simultaneously drawn samples of 
blood and spinal fluid from jaundiced patients who showed no evidence of 
meningeal disease, and (b) to determine what conclusions may be drawn with 
regard to the relationship between serum and spinal fluid bilirubin in these 


cases. 
MATERIALS AND METHODS 


Twenty adult patients were chosen from the wards of the Boston City Hospital who 
met the following criteria: (a) the presence of jaundice regardless of etiology (no cases 
Received for publication, April 29, 1954. 
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of hemolytic jaundice were available at the time of the study), and (b) the absence of 
meningeal disease, i.e., no clinical signs of meningeal involvement and a spinal fluid free 
of cells, blood, and protein elevation. Four of our patients (S.B., C. P., E.G., and C. C.) 
demonstrated evidence of peripheral neuropathy which was considered to be on a nutri- 
tional basis. Three patients (K.C., C.P., and 8.B.) had a tremor of the outstretched 
hands, mental obtundity, and confusion of the type associated with impending hepatic 
coma. One patient (F.H.) was in deep hepatic coma. None of these patients with neuro- 
logie signs had evidence of meningeal inflammatory reaction in the cerebrospinal fluid 
and none of the remaining patients exhibited evidence of neurologic disorder by history, 
examination, or spinal fluid changes other than xanthochromia. 

Samples of venous blood and spinal fluid were drawn within ten minutes of each 
other. A cell count was performed on the cerebrospinal fluid immediately and a portion 
was set aside for protein analysis by a standard laboratory method,!° the normal value 
for which is 15 to 45 mg. per cent. An attempt was made to grade the cerebrospinal 
fluids with the naked eye as to the degree of yellow coloration present. Changes were 
recorded as absent, minimal, or moderate and, when present, appeared as a clear lemon- 
yellow. This is the color change referred to in this paper as xanthochromia. The re- 
mainder of the spinal fluid was frozen solid until ready for use. The bleod was allowed 
to clot for one hour; the serum was then separated and frozen. In patients with fluctuat- 
ing intensities of jaundice, serial determinations were done at intervals as indicated on 
the chart (Table I). 

Bilirubin Determinations.— 

Reagents: 
Solution A: 1.0 Gm. of sulfanilic acid dissolved in 15 ml. of concentrated 


HCl and diluted to 1 L. of water. 

Solution B: 0.5 per cent solution of sodium nitrite, freshly prepared. 

Diazo Reagent: 0.3 ml. of solution B added to 10 ml. of solution A, freshly 
prepared. 


Diazo Blank: 15 ml. of concentrated HCl in 1 L. of distilled water. 
Absolute methyl alcohol. 

Stock Standard Bilirubin Solution*: 50 mg. of bilirubin diluted with 
chloroform to 500 ml. Standards were made up from this stock solution by 
the appropriate dilutions. 

Standard Curves.—Two standard curves were calibrated. C-I in the range of 0 to 10 
mg. per cent was used for determination of serum values, and C-II in the range of 0 to 
10 mg. per cent for the spinal fluid values. C-I standards were made by diluting 1,2,3 
... 10 ml. of stock solution up to 10 ml. with absolute methyl alcohol and then following 
the same procedure as was used with serum samples, C-II standards were made by dilut- 
ing 1 ml. of stock solution to 100 ml. with absolute methyl alcohol. One milliliter of this 
solution was then diluted to 10 ml. serially and the procedure described later for spinal 
fluids was followed with these solutions. 

Procedure.—The serum bilirubins were determined by the method of Malloy and 
Evelyn11 as modified by Ducci and Watson.12. The normal values are: total bilirubin 0.6 
to 1.0 mg. per cent; one-minute bilirubin 0.1 to 0.3 mg. per cent. The following modifi- 
cation was used to determine spinal fluid bilirubins: 

Total spinal fluid bilirubin: One milliliter of spinal fluid was added to each of two 5 
ml. test tubes which had been calibrated for optical density. One-fourth milliliter of diazo 
blank and 0.25 ml. of diazo reagent were added to the blank tube and the sample tube, 
respectively. After mixing by inversion, 1.25 ml. of absolute methyl alcohol was added to 
both tubes. After 30 minutes the blank tube was used to set the Coleman Junior Spec- 
trophotometer to zero and the sample tube was then read for its optical density. This 
reading was translated into milligrams per cent by means of the C-II standard curve. 
Ali readings were done at 540 mu. 

One-minute bilirubin: 0.25 ml. of diazo blank and 0.25 ml. of diazo reagent were 
added to a blank tube and a sample tube, respectively. One milliliter of spinal fluid and 


— 


*The bilirubin was obtained from Matheson, Coleman and Bell, Inc., East Rutherford, 
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1.25 ml. of distilled water were then added to the blank tube and this solution was used 
to set the machine to zero after one minute, as described previously. One milliliter of 
spinal fluid and 1.25 ml. of distilled water were then added to the sample tube and a read- 
ing was taken after one minute. 

Controls.—In order to evaluate the reliability of our method when dealing with solutions 
containing very small amounts of bilirubin, the following procedure was carried out: Solutions 
of bilirubin were made up starting at 0.01 mg. per cent and increasing to 0.1 mg. per cent by 
increments of 0.01 mg. per cent. Four determinations were made at each dilution, and the 
greatest variation from the average of the four was noted. Our results were as listed: 










Solution containing 
0.01 mg. per cent of bilirubin 
0.02 to 0.09 mg. per cent of bilirubin 
0.1 mg. per cent of bilirubin 
Maximum deviation from average of 
4 determinations 
.007 mg. per cent 
.004 mg. per cent 
.007 mg. per cent 
Eleven spinal fluids from normal subjects were then analyzed for total bilirubin content 











with the following results: 






.000 mg. per cent 





.000 mg. per cent 





l 

2 

3. .007 mg. per cent 
4. .007 mg. per cent 
5. .000 mg. per cent 
6. .011 mg. per cent 
7. .007 mg. per cent 
8. .000 mg. per cent 
9. .011 mg. per cent 
10. .007 mg. per cent 
11. .011 mg. per cent 












It will be noted that all of our pathologic fluids, with one exception, were clearly out of 
the normal range. Although the degree of precision of our method was adequate for our pur- 
poses, it did not allow any real quantification of the amount of bilirubin that may be pres- 
ent in normal spinal fluid. 







RESULTS 





Visual’ examination of the spinal fluids drawn from 20 patients with jaun- 
dice associated with obstruction from a variety of causes revealed xantho- 
echromia in 17. Serial determinations in 8 patients raised the total number of 
fluids examined to 33, of which 30 were xanthochromic. Quantitative analysis 









TABLE II. COMPARISON OF VISUAL RATING OF SPINAL FLUID XANTHOCHROMIA WITH 
QUANTITATIVE BILIRUBIN ANALYSIS 
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showed bilirubin to be present in all the spinal fluids ranging in amounts from 
0.01 to 0.12 mg. per cent. Where the partition was determined, the one-minute 
bilirubin was found to make up over one-half of the total spinal fluid bilirubin. 
The visual rating correlated quite well with the actual amounts of bilirubin 
present (Table II). Spinal fluid containing 0.05 mg. per cent or more of bili- 
rubin was consistently xanthochromic. 

The tabulation of the clinical data and results of bilirubin analyses are 
shown in Table I. Fig. 1 is a secattergram made by plotting all of the total 
spinal fluid values against the corresponding one-minute serum bilirubin values. 
Although the shape of the curve is not substantially altered if the plot is ear- 
ried out using the total serum bilirubin values, it was felt to be probable that 
the one-minute fraction represented that portion of serum bilirubin capable of 
diffusion. 
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Fig. 1.—Seattergram of all serum bilirubin determinations plotted against the corresponding 


spinal fluid determination. 


DISCUSSION 

[t is apparent that spinal fluid from the lumbar sac of jaundiced patients 
who do not have meningeal disease may be expected to show some degree of 
xanthochromia even though the jaundice is mild and/or of recent onset. Al- 
though we did not have an opportunity to examine ventricular fluids in any 
of our patients, the observations of Schmorl,® who found in his series of jaun- 
diced patients that the ventricular fluid was usually colorless, whereas the 
lumbar sae fluid was xanthochromiec, suggest that bilirubin enters the spina] 
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fluid via the meningeal vessels or tissue spaces and is diluted by the bilirubin- 
free fluid from the choroid plexuses. The long-standing observation that the 
brain is not stained even with prolonged jaundice may be related to the rela- 
tively low concentrations of bilirubin in spinal fluids, which in our eases ranged 
from 1:10 to 1:100 of the serum values. 
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Patient K. C. 


2.—Parallel fiuctuations in serum and spinal fluid determinations as demonstrated by 
patient K. C 
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Although the data presented do not show a linear relationship between 
serum and spinal fluid bilirubin, there is clearly a trend in this direction. The 
higher spinal fluid values are clustered about the high serum values, and this 
is likewise true of the lower values, although within this latter group there is 
no exact correlation between serum and spinal fluid bilirubin. It is further 
noted that in any one patient serial determinations usually revealed parallel 
fluctuations in the levels of serum and spinal fluid bilirubin. This was true in 
five out of eight sets of determinations, and is strikingly exemplified by patient 
K. C. (Fig. 2). The failure of patient G. V. (Table I) to show similar parallel- 
ism must be viewed in the context of the small spread of his serum values. 
These values were all in the lower ranges and do not conflict with our comments 
on correlation between serum and spinal fluid bilirubin levels. It is of great 
interest that the patient having the lowest total serum bilirubin, i.e., 2 mg. 
per cent, had xanthochromia. Furthermore, patient G. V. was demonstrated 
to have xanthochromia twenty-four hours after the onset of clinical jaundice. 
This patient was under observation in the hospital at the time he became jaun- 
diced. We, therefore, feel that the figure of twenty-four hours is an exact one. 


The clinical implications of this paper take their importance from the 
following considerations: there is a wide variety of neurologic diseases in which 
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the spinal fluid becomes xanthochromie. These include subdural hematoma, 
subarachnoid or cerebral hemorrhage (in which red cells commonly disappear 
while the spinal fluid is still xanthochromic), marked protein elevation, ete. 
In a large city hospital with a relatively high percentage of admissions for 
alcoholism, both neurologic disease with accompanying xanthochromia and 
liver disease with jaundice are common. When these two situations coincide 
in the same patient, the data presented in this paper then become relevant to 
the interpretation of the xanthochromia in such a patient. The suspicion of 
head injury is a particularly frequent circumstance, the problem often being 
complicated by a normal protein. Because of the evidence presented that bili- 
rubin may cross the meningeal barrier in detectable amounts in a matter of 
days, even with moderate elevations above normal in the serum, we believe 
that in the presence of jaundice, xanthochromia cannot be used without quali- 
fication as evidence of the presence of hematoma, and dependence must be 
placed on other kinds of neurologic evidence. 

In conclusion, it is to be noted that all of our patients had ‘‘obstructive 
jaundice,’’ either intrahepatic or extrahepatic. The applicability of this study 
to patients with hemolytic jaundice remains to be demonstrated. 


SUMMARY 


Measurements of serum and spinal fluid bilirubin from twenty jaundiced 
patients are presented. Detectable amounts were present in the spinal fluid in 


every case, including those with jaundice of recent onset. The relationship 
between serum and spinal fluid bilirubin in our cases is discussed, as well as 
the clinical implications of the data. 


REFERENCES 


. Brain, W. R.: Diseases of the Nervous System, ed. 4, London, 1951, Oxford University 
Press. 

2. Merritt, H. H., and Fremont-Smith, F.: The Cerebrospinal Fluid, Philadelphia, 1937, 
W. B. Saunders Company. 

5. Levinson, A.: Cerebrospinal Fluid in Health and Disease, St. Louis, 1929, The C. V. 
Mosby Company. 

. Kafka, V.: Die Zerebrospinalfliissigkeit, Leipzig and Vienna, 1930, Franz Deuticke. 

o. Schmorl, G.: Liquor Cerebrospinalis und Ventrikelfliissigkeit, Verhandl. deutsch. 
Pathologisch. Gesellsch. 14: 288-293, 1910. 

3. Eskuchen, K., and Lickint, F.: Einzelbeitriige zur normalen und pathologischen 
Physiologie des Liquor Cerebrospinalis. IV Mitteilung. Der Cholesteringehalt des 
Liquor Cerebrospinalis, Ztschr. gesamte Neurol. u. Psychiat. 113: 214-227, 1928. 

. Jeghers, H.: The Leptospiroses in the United States, Bull. New England M. Center 15: 
61-71, 1953. 

. Cargill, Jr., W. H., and Beeson, P.: The Value of Spinal Fluid Examination as a 
Diagnostic Procedure in Weil’s Disease, Ann. Int. Med. 27: 396-400, 1947. 

9, Amatuzio, D. 8., Weber, L. J., and Nesbitt, S.: Bilirubin and Protein in the Cerebro- 
spinal Fluid of Jaundiced Patients With Severe Liver Disease With and Without 
Hepatie Coma, J. LAB. & CLIN. MED. 41: 615-618, 1953 

- Klett-Summerson Photoelectric Colorimeter—Clinical Manual. (Modification of method 
of Dennis & Ayer, Ref. 2). 

. Malloy, H. T., and Evelyn, K. A.: The Determination of Bilirubin With the Photo- 
electric Colorimeter, J. Biol. Chem, 119: 481-490, 1937. 

2. Dueci, H., and Watson, C. J.: The Quantitative Determination of the Serum Bilirubin 
With Special Reference to the Prompt Reacting and the Chloroform Soluble Types, 
J. LAB. & CLIN, MED, 30: 293-300, 1945. 





LABORATORY METHODS 


STUDIES ON PAPER ELECTROPHORESIS 


A CoMPARISON WITH THE CHEMICAL METHOD AS AN AID IN CLINICAL DIAGNOSIS 
H. K. Oostrernuts, PH.D. 
AMSTERDAM, NETHERLANDS 


INTRODUCTION 


HE nature and composition of the serum proteins are becoming increas- 

ingly important in clinical diagnosis and consequently several serologic 
reactions are used, all based on the properties of these proteins. 

By combining some of these methods, Wuhrmann and Wunderly' sue- 
ceeded in distinguishing nine more or less specifie reactions. 

One of the most important is the determination of the ‘‘ protein spectrum.” 
lor this determination different systems can be followed, which can be 
distinguished into chemical and physicochemical methods. 

It was the purpose of this study to ascertain which method is preferable 
for clinical use: a recent chemical method or the electrophoretic method on 
filter paper. At the same time an attempt has been made to keep the 
apparatus as simple as possible and to introduce some improvements. The two 
working methods could be tested for their accuracy and also for their 
similarity. 

METHODS 


A. Chemical Method.—The method followed by us has been fully described in the 
literature.2 

B. Electrophoretic Method on Filter Paper—a1. Procedure: Several procedures have 
been described in the literature. 

After some experiments, one of these, the humid chamber system according to Wieland,’ 
proved to be the most suited for our purpose. The simplest way to apply this system is to 
use an aquarium tank (Fig. 1). This tank, 50 by 30 by 30 em., is covered with a glass 
plate. Polishing the upper edge is important, because tight closure is essential. Lengthwise 
there are four Polysanite tubes, one inch in diameter, on a Plexiglas holder. A slot has been 
milled into each tube to within a few centimeters from the ends, the middle tubes being 
provided on both sides with graphite electrodes. These electrodes are also placed in glass 
tubes provided with a number of openings. By means of cotton wicks, a conducting contact 
is obtained with the two other Polysanite tubes. In this way, an effective labyrinthine system 
is obtained. Finally, two glass rods are fitted lengthwise between the side walls of the tank 
by means of pieces of rubber tube. The paper strips are suspended horizontally across these 
two rods, the ends dipping in the two outer Polysanite tubes. The four Polysanite tubes, closed 
at both ends with rubber plugs, are each filled with 100 ml. of buffer solution. The ends of 
the graphite electrodes, extending about 1 em. outside the rubber plugs, are connected with 4 
direct current source by means of conducting wires through two bores which are about 10 mm. 
in diameter and closed with rubber plugs, in one of the side walls of the tank. 

From the Laboratory for Chemical Physiology of the Free University, Amsterdam, 


Netherlands. 
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2. Rectifier: A normal type rectifier was used (Fig. 2). According to our experience, 
voltage-stabilizing tubes are not necessary here, but the use of an electrolytic condenser is 
recommended. 

3. Filter paper: Three different kinds of filter paper were tested, viz., 214 and 619F* 
and 2043 b.t Number 214 appeared to be absolutely unsuitable because of the adsorptive 
power of this paper. The other two gave good results. The thinner one, 619F, was better 
for measuring the colors, and also required less serum; it was this type which was used. 








eS be, a... ep, 


P ER 2 


eat: 


/ 


(FO— 


eT, GE AOE ES SS BREE 











EEE ET EE SS EF SF SE TG EE a a Pe EP 

















Pig. 2. 








ie 
scant 


? Vo Lts 

















ew 








ij 








| 





(A——-- 


™m A ms 
Fig. 2. 


4. Buffer solution: In preparing the buffer solution, 8.3 Gm. of Veronal was suspended 

S00 ml. of distilled water. While stirring, and with simultaneous pH control, a 1 N NaOH 
‘ion was added to pH = 8.6. Finally the solution was made up to one liter. 

). Drying: Since at room temperature complete denaturation of the proteins occurs, 

is not necessary to dry the strips at 105° C. At room temperature drying is more gradual 

an at a higher temperature. It is essential that the strips should be suspended horizontally 


*“Machery, Nagel & Co. 
{Schleicher & Schiill. 
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during this process, the wet pherograms not being touched. For this purpose we used two 
stainless steel 18-8 wires, fixed to the wall horizontally and parallel to each other at a distance 
of 20 em. The strips were fixed and kept in place by loading the ends with clothes pegs. 

6. Staining: In accordance with Grassmann and co-workers, the dye used was amino 
black 10B, dissolved until saturation in a mixture of 90 parts of methyl alcohol and 10 parts 





















































Fig. 


of acetic acid. The paper strips are spirally wound around the holders, shown in Fig. 3, 


placed on the extraction tube, and plunged into a tall glass cylinder filled with the staining 


solution. After moving the tube horizontally up and down several times in order to remove 
any air bubbles from the paper, it must be left undisturbed for at least ten minutes. Next 
the tube is provided with a little funnel with which it is lowered into the Soxhlet apparatus. 
The extraction is carried out with a mixture of 99 volumes of water and 1 volume of acetic 
acid. After boiling for several hours, the extraction is complete. Prolonged extraction causes 
no loss of adsorbed dye, provided there is sufficient acetic acid. 
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7. Strip colorimeter: Like Grassmann‘ we constructed a “strip colorimeter” (Fig. 4). 
In order to measure as accurately as possible, this apparatus contains two photoelectric cells, 
one for measuring and the other for compensation. The light of a little electric bulb, 6 v., 
0.3 Ampere, is projected via a lens and two color filters (Schott BG,, and OG, : 858 my) 
upon a mirror at an angle of 45°. In the center of this mirror is a slit 2 mm. wide, serving 
as a pathway for part of the light to reach the lower photoelectric cell, via the paper strip 
and through a slit 1 mm. wide, just above this strip. The reflected light falls upon the 
compensation cell, after passing a slit diaphragm, adjustable by means of a turning brim 
from 0 to 3 mm. In order to obtain even distribution of the light over the photoelectric cells, 
a piece of milk glass is fitted 1 em. before each cell. The lens is adjusted in such a way that 
a sharp picture of the filament is projected on both pieces of milk glass, which is possible since 
the optical path length for both photoelectric cells is the same. With a knob, provided with a 
spring catch and a gearing, a 14, turn is made every time, thus moving the sledge 1 mm. 
every time and causing the strip to be measured millimeter by millimeter. The wiring 
diagram has been reproduced in Fig. 5. R, and R; are two potentiometers, each of 10,000 2 
and R, is a resistor of 50,000 2. C, is the measuring and C, the compensating cell. As 
a galvanometer we used Kipp’s type A 75,* provided with a scale for extinctions, so that 
immediate reading of the densities became possible. Since in the wiring diagram of 
Fig. 5 no compensation is obtained for the fluctuations of the main voltage, a 6 v. storage 
battery is recommended for feeding the electric bulb, or otherwise a voltage stabilizer. 











Fig. 5. 


Experimental.—The dimensions of the strips used were 4+ by 29 em. After wetting 
with buffer solution, they were blotted well between filter paper and suspended in the 


tank. In this way it was not necessary to wait until an equilibrium had been reached, 


but the serum solution could immediately be brought upon the strip. The best results 
were obtained by applying 0.012 ml. of serum to each strip. 

According to van Os,5 this was accomplished by means of a slide a little shorter 
than the width of the strips (35 mm.), the serum solution being evenly distributed along 
the margin. By polishing this margin, a facet 2 mm. wide was made on one side of the 
slide, thus causing a good distribution of the serum solutions. According to our 
experience, the best place for applying the serum solution is 2 em. from the center in the 
direction of the cathode. After the tank has been covered, the current is switched on and 
the voltage adjusted at 240 v. After five hours the separation is complete, the pherogram 
having a length of 9 or 10 em. 

The stained and dried strips are plunged into a mixture of six volumes of paraffin 
oil and one volume a-bromonaphthalene and thereafter blotted well between filter paper. 
The strips then feel dry but are still sufficiently transparent for measurement in the strip 
colorimeter. For this purpose they are placed between two pieces of plate glass and 
pushed into the sledge of the apparatus. 


*Kipp’s, Delft, Netherlands. 
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After adjusting at a blank part of the strip, the galvanometer is compensated to zero 
by turning the slit diaphragm. Here resistor R, serves as a fine control. After this C, is 
switehed off by moving the sledge until the light is intercepted by its brim. The intensity 
of the light is controlled by means of a resistor in series with the electric bulb until the 
galvanometer deflects fully. Here R, serves as a fine control. The strip then is measured 
in millimeters. 

After measuring, the paraffin oil is removed with ether and the pherograms are 
analyzed by the method of Turba.6 For this purpose the pherogram is cut into pieces 
between the fractions and the dye eluted with a mixture of one volume of Veronal buffer 
solution of pH 8.6 and one volume of methyl alcohol. For each fraction 10 ml. of this 
mixture was used. The extraction was complete after three hours, during which time 
the reaction tubes, closed with cork plugs, stood in an incubator at 37° C. Finally the 
dye concentration was determined colorimetrically at a wavelength of 580 mu.* 
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RESULTS 


More than sixty different sera were analyzed both chemically and by 
per electrophoresis. The pherograms, obtained by the latter method, were 


*Schott filter BG: + OG2. 
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measured with the strip colorimeter, and by projecting Gauss’s curves accord 
ing to Wiedemann,’ the diagrams were analyzed. An analysis was then made 
according to the cutting method of Turba.© The chemical determination was 
performed in triplicate -and the electrophoretic determination in duplicate. 
The results are shown in Table I. In some eases the chemical method(C) was 
in fairly good agreement with the electrophoretic method on filter paper 
according to Grassman(W). This did not apply invariably, however. 








On the whole, Turba’s method differs a little more. Nevertheless we have 
introduced Turba’s method for the following reasons: 
1. This method is the most accurate. The mean deviation for each 
method is: chemical method, 5.2 per cent; projection method, 4.1 per cent; 
cutting method, 2.7 per cent. Consequently, Turba’s method gives the 















smallest deviation. 
2. An analysis according to the cutting method is considerably faster 
than the projection method and is therefore more suitable for routine tests. 







The sera of fifteen healthy adults were tested also. The results have been 
reproduced in Table IIT and have been given in grams per cent. 











TABLE I] 























Albumin 4.78 + 0.24 
a,-globulin 0.21 + 0.03 
a,-globulin 0.41 + 0.05 
B-globulin 0.56 + 0.06 
y-globulin 1.22 + 0.15 
Total protein 7.20 + 0.26 
















The total protein was determined colorimetrically by the biuret method’ 
and the different fractions according to Turba with paper electrophoresis. 






These values demonstrate little dispersion. Analyses, performed at a 
few days’ interval, also gave reliable results. 











TABLE III 














FIRST TIME SECOND TIME 























Albumin 63.9 + 0.1 63.8 + 0.1 
a,-globulin oa + 01 2.9 + 0.2 
a,-globulin (0 S08 7.3 + 0.6 
B-globulin 11.0 + 0.5 10.8 + 0.4 
y-globulin 14.9 + 0.5 19.2 2°03 









1.3 : 1.4 











The serum of patient B, suffering from thrombosis, was analyzed twice, 
with an interval of one week. The results are shown in Table III. 





The values fully overlap, thus demonstrating the reproducibility of this 
method. 

Five hundred sera have been tested in this way and clear indications have 
been obtained that this method may be of great importance ag an aid in 
clinical diagnosis. Fig. 6 shows the diagram of a normal, healthy person. 
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Most noteworthy is the a.-globulin fraction with a hardly protruding peak and 
almost smoothly passing into the B fraction. Naturally the albumin peak is 
high and an insignificant peak was found for the a,-globulin fraction. The 
peaks of the B- and y-globulin fractions show nearly the same height, the 
former usually a little higher, but the latter distinctly broader. 














Wad 


Fig. 6.—A: 5.67 per cent; a1: 0.08 per cent; az: 0.30 per cent; B: 0.47 per cent; y: 0.79 
per cent. Total protein: 7.31 per cent. 
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A totally different pattern was obtained from the serum of a patient 
suffering from carcinoma ventriculi, as shown in Fig. 7. A greatly reduced 
a.bumin content, and a considerably heightened a,-globulin with a sharp peak 
in the diagram. Also the a-globulin fraction invariably appeared to be in- 
creased and displayed a sharp peak. 
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7.—A: 2.84 per cent; ai: 0.29 per cent; a2: 0.58 per cent; 8: 1.12 per cent; 7: 0.91 
per cent. Total protein: 5.74 per cent. 


a 
| F. \/ a | a J 


Fig. 8.—A: 1.67 per cent; a1: 0.36 per cent; az: 0.70 per cent; 8: 1.72 per cent; y: 1.55 
per cent. Total protein: 6.00 per cent. 


\ 





The B- and y-globulin fractions also demonstrated an increasing effect; 
their shapes, however, showed no constancy. This may be clearly seen from 
Fig. 8, a ease of carcinoma ventriculi with secondary carcinoma of the liver. 
The B@-globulin fraction passes smoothly into the y-globulin fraction. 

Some affections of the lungs also appeared to give heightened a,- and a:- 
elobulin fractions, though the a, peak is less prominent, as is shown in Fig. 9, 
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a ease of pleuritis exudativa. Usually the content of the total protein will 
also be much higher than in carcinoma. 

The case of carcinoma ventriculi had at first been diagnosed as a liver 
cirrhosis. A much different pattern is then obtained, however (Fig. 10) 
The various fractions merge almost smoothly without high a, and a, peaks, 
and without these two fractions being increased. 











gk eR Elia re cade 


Wig. 9—A: 3.99 per cent; a1: 0.26 per cent; az: 0.94 per cent; B: 1.34 per cent; vy: 1.88 per 
cent. Total protein: 8.41 per cent. 





The B-globulin fraction has been heightened and usually splits into two 
peaks, the y-globulin fraction also being much increased (ef. Fig. 8). 

Still, it would not be simple to distinguish these various cases from the 
analysis numbers without the bidimensional pattern given by the diagram. 
This is a very important advantage, which we find exclusively in the electro- 
phoretie method. 

DISCUSSION 


The composition and character of the serum proteins must be regarded 
as important data, which may be of assistance in clinical diagnosis, A com- 
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parison of the chemical and electrophoretic methods is in favor of the latter, 
which is due to the fact that here a bidimensional pattern which may be 


specific for some cases of disease can be obtained. 





\ 


Fig. 10.—A: 3.51 per cent; ai: 0.20 per cent; a2: 0.27 per cent; B: 1.56 per cent; y: 1.73 per 
cent. Total protein: .27 per cent. 





Paper electrophoresis is conspicuous for its simplicity and cheapness and 
for its suitability for routine tests. When this method is carried out as 
described previously, it is no less accurate than the classic electrophoretic 
methods.* We found that analyzing the pherograms obtained is best per- 
formed according to Turba’s method, with an average deviation of 2.7 per 
cent. 

Table I shows that the results of analysis of this method deviate from the 
values obtained by the chemical method. This does not in the least influence 
the diagnosis, however, provided the normal values of this method have been 
established beforehand. 


SUMMARY 


A comparison has been made between the chemical and the electro- 
phoretic method on filter paper for determining protein spectra. A number 
of abnormal sera were analyzed by both methods. Paper electrophoresis 
appeared to be superior because it is more differentiated and a pattern can be 
obtained. Some modifications in staining the paper strips were introduced. 


The author is indebted to Dr. G. A. Lindeboom and his co-workers for providing a 
number of sera and to Miss L. Deurloo for the many analyses performed by her. He also 
wishes to thank Messrs. D. Verbeek and W. v. d. Hoek for constructing the apparatus used 
for this investigation. 
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PAPER CHROMATOGRAPHY APPLIED TO THE DETECTION OF 
OPIUM ALKALOIDS IN URINE AND TISSUES 
GILBERT J. MANNERING, PH.D.,* ARTHUR C. Dixon, B.S.,** NicHouas V. 
CARROLL, B.S.,** AND OGLE B. Corr, B.S.*** 
Tokyo, JAPAN 






HE difficulties attending the isolation of alkaloids from body fluids and 

tissues have long challenged the skill of the toxicologist. The alkaloid is 
usually present in very low concentration and must be recovered in a high state 
of purity before identification can be made. Improvement in purity takes its 
toll in yield, and the ability to remain on the credit side of the purification 
procedure is often the deciding factor in establishing the presence of an alkaloid. 
The object of this study was to develop a method whereby a chemist, without 
extraordinary equipment or techniques, can make accurate identifications of 
minute amounts of opium alkaloids present in biologic materials. This has been 
accomplished through application of the paper chromatography technique, which, 
in a single operation, screens the sample for alkaloid content, partially identifies 
the alkaloid, and isolates it from interfering foreign materials. 


















AND METHODS 





MATERIALS 









Chromatography of Pure Alkaloids.—Before toxicologic studies could be initiated, it 
was necessary to establish a workable chromatographic procedure using pure alkaloid standards. 
Seven naturally occurring opium alkaloids were selected for this purpose: codeine, morphine, 







narceine, narcotine, papaverine, pseudomorphine, and thebaine. In addition, two synthetic 
morphine derivatives, Dionin and heroine, and the morphine substitute, meperidine (Demerol), 








were included in the series. 

Reagents and solutions: Potassium iodoplatinate reagent!: Dissolve 1 Gm. of platinic 
chloride in 10 ml. of water, mix with 250 ml. of 4 per cent potassium iodide, and add water 
to 500 ml. 

Dragendorff’s reagent (modified): Mix together 2.5 Gm. of bismuth subnitrate, 10 ml. 
of 40 per cent potassium iodide, 5 ml. glacial acetic acid, and 20 ml. of water. The precipitate 
that forms on standing is removed by filtration. Just before using, one part of the filtrate 
is mixed with two parts of glacial acetic acid and three parts of water. 

Thallium-iodine reagent1: Solution 1: Dissolve 2 Gm. of potassium iodide and 110 mg. 
of iodine in 15 ml. of water. Solution 2: Mix 100 mg. of thallium acetate with 5 ml. of water 
and 2 drops of glacial acetic acid. Combine Solutions 1 and 2 and make up to 25 ml, with 
water. This stock solution is protected from light. Dilute five times with water just before 














using. 
lodine reagent1; Dissolve 200 mg. of: iodine and 2 Gm. of potassium iodide in 





300 







ml. of water. 
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Isoamyl alcohol-acetic acid solvent: Isoamyl alcohol, 10 vol., glacial acetic acid, 1 vol., 
and water, 5 vol., are shaken in a separatory funnel several times throughout a three-day period 
and then divided into aqueous and solvent phases, The three-day period allows for equilibration 
between isoamyl alcohol, acetic acid, and isoamyl acetate. 

Butanol-acetic acid solvent: This is prepared in the same manner as the isoamyl 
alcohol-acetic acid solvent but with n-butanol substituted for isoamyl] alcohol. 

Isoamyl alcohol-ammonium hydroxide solvent: Isoamyl] alcohol, 10 vol., concentrated 
ammonium hydroxide, 1 vol., and water, 5 vol., are shaken together thoroughly and then 
separated into aqueous and solvent phases, 
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Fig. 1.—Chromatography chamber. 
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Phosphate buffer solutions (Sgrensen’s): Varying proportions of M/15 solutions of 
potassium dihydrogen phosphate and sodium monohydrogen phosphate are mixed to form 
buffer solutions ranging in pH from 4.5 to 8.5. 

Stock alkaloid solutions: The stock solutions are made up as 0.01, 0.05, and 0.25 
Per cent of the alkaloid (free base) in an appropriate solvent. Morphine is dissolved in 
isoam y] alcohol, codeine, Dionin, and papaverine in 50 per cent ethanol, narceine* and 
meperidine in 95 per cent ethanol, heroine, narcotine and thebaine in chloroform, and 
pseucomorphine in concentrated ammonium hydroxide. 


—. 


tion one of its insolubility, narceine was prepared in 0.01 and 0.05 per cent concentra- 
S only, 
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Apparatus and procedure: Using 0.1 ml. Mohr pipettes, the alkaloid solutions are 
placed on points located at 3 em. intervals along a line 4 cm. from the bottom of a sheet 
of Whatman No. 1 filter paper measuring 29 by 32 em. The solutions are applied in 0.005 
ml. volumes, allowing each aliquot to dry before making further additions to the same point. 
The paper is rolled into a cylinder and fastened at the top with a paper bridge held with 
metal clips so that the edges of the cylinder do not touch. The paper is lowered into an 
anaerobic culture jar (Smillie type) and the lid of the jar is clamped shut (Fig. 1). With 
the aid of a pipette, the aqueous phase is introduced through an opening in the lid onto 
cotton wrapped around the delivery tube. Excess aqueous phase is caught in a beaker placed 
on the floor of the jar. At the end of four hours, during which time the paper establishes 
equilibrium with the enclosed atmosphere, 50 ml. of the solvent phase is poured onto the floor 
of the jar via the delivery tube. After about ten to sixteen hours, the time depending upon 
the temperature and the developing solvent employed, the solvent has risen to within a 
centimeter or two of the top of the sheet. The paper is removed, the solvent front marked 
with pencil, and the paper dried by attaching it to the guard of an electric fan. The 
alkaloid areas are located by spraying with an appropriate reagent. The R, values are 
obtained from that point in a spot showing the greatest color density. 

k, values: Numerous developing solvents were investigated in an attempt to obtain 
well-positioned, distinct separations of the alkaloids. Best results were obtained with 
solvents containing isoamyl alcohol or butanol. The Ry, values of the alkaloids using two 
isoamyl alcohol solvents and one butanol solvent are given in Table I. They were obtained 
by chromatographing 50 wg quantities of each of the compounds at 17+1° C. and are the aver- 
ages of four or more replications. The alkaloids were located by spraying the sheets with the 
iodoplatinate reagent.* 

Fig. 2 illustrates the effect of pH on the R, values. Papers were sprayed with the 
phosphate buffer solutions until thoroughly soaked and then dried under atmospheric con- 
ditions after being blotted between filter papers. Fifty-microgram quantities of each of the 
alkaloids were chromatographed at 17° C. using isoamyl alcohol saturated with water as the 
developing agent. Water saturated with isoamyl alcohol served as the aqueous phase. The 
results given are the averages of triplicate determinations. 


TABLE I. Ry VALUES OF SELECTED OPIUM ALKALOIDS ON ASCENDING PAPER CHROMATOGRAMS 
USING VARIOUS SOLVENTS 
SOLVENT 
ISOAMYL ALCOHOL- BUTANOL-ACETIC ISOAMYL ALCOHOL 
ALKALOID ACETIC ACID ACID NH,OH 


Pseudomorphine 0.00 0.09 0.32* 
Morphine 0.16 0.39 0.64 
Codeine 0.23 0.48 0.87 
Dionin 0.35 0.57 0.91 
Heroine 0.40 0.60 0.87 
Thebaine 0.44 0.55 0.88 
Narceine 0.48 0.67 0.30t 
-apaverine 0.62 0.70 0.93 
Narcotine 0.63 0.7% 0.92 
Meperidine 0.64 0.74 0.94 














*This figure is based on 27 determinations. The Rr values were very erratic, ranging 
from 0.21 to 0.43. The spots were irregularly shaped and left trails. 

7This figure is based on 28 determinations. The Rr values ranged from 0.22 to 0.38. 

It is seen from Table I and Fig. 2 that by selecting the proper developing solvent or 
buffered paper, maximum separations of certain of the alkaloids can be achieved. 


Color reagents: Four reagents known to produce color reactions with alkaloids were 


found useful in the detection and differentiation of the compounds used in this series: 


*Because 50 we of narceine gives only a very faint color with the platinate reagent, 
narceine was located by spraying with the iodine reagent. 
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potassium iodoplatinate, modified Dragendorff’s, thallium-iodine, and iodine reagents. When 
sprayed with the platinate reagent, the alkaloids appear as blue, blue-violet, or red-violet 
areas on a rose background. The spots disappear only on long standing. Dragendorff’s 


reagent produces permanent orange spots on a yellow background which gradually decolorize. 


NARCOTINE (Xx) 
PAPAVERINE (0) 
MEPERIDINE 





HEROINE 


DIONINE 


THEBAINE 


CODEINE 


MORPHINE 
NARCEINE 








" a PSEUDOMORPHINE 


pH 





Fig. 2.—The effect of pH on the Rr values of selected opium alkaloids. 


The thallium-iodine reagent spots are dark yellow against a light yellow background with all 
of the alkaloids except narceine, which gives a dark blue spot. The narceine spot is permanent; 
the others fade rapidly. 


TABLE II, MINIMUM QUANTITIES (MICROGRAMS) OF CHROMATOGRAPHED OPIUM ALKALOIDS 
DETECTABLE WITH Four REAGENTS AND WITH ULTRAVIOLET LIGHT* 





REAGENT 
K IODOPLAT- DRAGEN- THALLIUM- | ULTRAVIOLET 

ALKALOID INATE DORFF’S IODINE IODINE LIGHT 

3 80 25 

3 80 50 

3 40 200 

5 50 t 

10 t 50 

10 10 20 

7 5 5 

4 2 1 

2 3 0.5. 

3 8 15 

*The isoamyl alcohol-acetic acid solvent was used for chromatographic development. 

7Could not be detected at 200 wg level; quantities greater than this were not studied. 
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When examined under ultraviolet light,* narcotine and papaverine exhibit a yellow 
pseudomorphine, a bright blue, and the other alkaloids, a dark purplish fluorescence, 

The minimum quantities of each of the alkaloids discernible on careful inspection ot 
the sheets under ultraviolet light or after being sprayed with four color reagents are given 
in Table IT. 









RESULTS 
Application of Method to Biologic Materials——The opium alkaloids other 
than morphine and heroine are of little more than academic interest in forensic 
medicine, and heroine, being readily deacetylated in the tissues, is recovered 
as morphine.2 Accordingly, isolation procedures were directed primarily to- 
ward the isolation of morphine. The extraction methods to be described here 
yield morphine concentrates in small volumes suitable for paper chromatography. 
It is to be expected that other procedures would prove equally adaptable to the 
chromatographic technique. 

Urine: That morphine is excreted in the urine largely in conjugated form 
and that it can be released from this combination by acid hydrolysis is well 
established.2> Preliminary studies in which hydrolyzed and unhydrolyzed urine 
samples were compared further confirmed this observation and, as a routine 
measure, all urine samples were acidified and autoclaved preceding extraction. 

To 50 to 100 ml. of urine, concentrated hydrochlorie acid is added until a 
concentration of 10 per cent is reached. The acidified urine is autoclaved for 
thirty minutes at 15 pounds pressure. After cooling, the material is transferred 
to a 250 ml. centrifuge bottle, where, with the aid of a commercial indicator 
paper or a pH meter, it is adjusted to pH 11 using saturated and 1 N sodium 
hydroxide solutions. An equal volume of chloroform is added, the bottle is 
stoppered and shaken mechanically for about five minutes, and is then centri- 
fuged. Using a 100 ml. volumetric pipette with a rubber bulb attached, the 
chloroform phase is removed from the bottle, filtered, and evaporated to dryness 
in a 100 ml. beaker (Residue A). The aqueous phase is readjusted to pH 8 to 
9 with 3N hydrochloric acid and then extracted twice as described previously 
with equal volumes of 10 per cent ethanol in chloroform. The combined, filtered 
extracts are evaporated to dryness in a 100 ml. beaker. The resulting residue 
(Residue B) contains morphine.t 

Occasionally residues are obtained which contain excessive impurities. 
These may be rendered suitable for chromatography by the following purification 
procedures: Residue A is taken up in about 15 ml. of chloroform and shaken 
with 10 ml. of 0.05N hydrochloric acid. The chloroform is withdrawn and the 
aqueous phase re-extracted with chloroform. The separated aqueous phase is 
then made alkaline with ammonium hydroxide and is extracted four times with 













































5 mu was used for the source of 





*A Menlo Fluoretor with a maximum transmission of 32 
ultraviolet light. 

+The extraction procedure cannot be generally applied to the alkaloids selected for this 
series. Heroine, thebaine, narcotine, and meperidine are altered by acid autoclaving. When 
the hydrolysis step is omitted, thebaine, narcotine, and meperidine appear in Residue A. 
Heroine can be recovered in Residue A from unhydrolyzed urine if the chloroform extraction 
is conducted at pH 9 rather than at_pH 11. At the higher pH, there is a tendency to hydro- 
lyze heroine to morphine. Codeine, Dionin, and papaverine are not affected by acid hydrolysis 
and appear in Residue A. Narceine is found in Residue B. The recovery of pseudomorphine 
(Residue B) from either unhydrolyzed or hydrolyzed urine is very poor. 
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equal volumes of chloroform. The chloroform extracts are evaporated to dry- 
ness (Residue AA). Residue B is dissolved in 15 ml. of chloroform and shaken 
with 10 ml. of 0.05N hydrochloric acid. The aqueous phase is re-extracted with 
chloroform and is then adjusted to pH 11 with sodium hydroxide. The alkaline 
aqueous phase is shaken twice with equal volumes of chloroform and the chloro- 
form phase discarded. The aqueous phase is then brought to pH 8 to 9 with 


hydrochloric acid and extracted four times with equal volumes of chloroform. 
The chloroform extracts are evaporated to dryness (Residue BB). 

The residues are transferred to 13 by 100 mm. test tubes (Wassermann 
type) using 2 ml. volumes of hot ethanol. The ethanol is removed by placing 
the tube in a boiling water bath. One-tenth milliliter of ethanol is added and, 
while the tube remains in the water bath, the solution is drawn up and down a 
0.1 ml. Mohr pipette until the volume is reduced to about 0.05 ml. This final 
solution is applied to the paper in 0.005 ml. aliquots. Each aliquot is allowed to 
dry before making further additions, thus keeping the area of the spot at a 
minimum. Drying ean be facilitated by directing a stream of air on the wet spot. 
Fifty micrograms of pure morphine (or other of the alkaloids of interest at the 
time) applied to one of the positions on the base line serves as a reference 
standard. Chromatographic development is carried out as described previously 
using the isoamyl alcohol-acetic acid solvent. It is not necessary to conduct 
the chromatographic development at a specified, constant temperature; the 
reference morphine spot adjusts for variations in R; values resulting from 
changes in temperature. 

Inspection of the chromatographed sheet shows that most of the colored 
impurities have risen to positions on the sheet away from the vicinity of mor- 
phine. The paper is sprayed lightly with the platinate reagent. After caleulat- 
ing the Rr values, the colored areas are cut from the paper, rolled into cylinders, 
and placed in Wassermann-type test tubes. The paper is wetted with 0.1 ml. 
of coneentrated ammonium hydroxide and 2 ml. of chloroform is added. The 
chloroform is boiled for a few seconds and is then transferred, 1 ml. at a time, 
to a second tube placed in a hot water bath. The minute residue remaining 
after removal of the chloroform is colorless or nearly so. To prepare the final 
residue for chemical testing, 0.1 ml. of ethanol is added and the tube is warmed 
briefly. Aliquots of the resulting solution are dried on a spot plate.* When 
tested with Frg¢hde’s, Marquis’, and Mecke’s reagents, residues containing 
morphine give reactions comparable to those seen with pure morphine; the 
classical colors and their transformations show clearly without interference from 
background colors or charring. Equally good results are obtained with alkaloid 
precipitating reagents (e.g., Marme’s, Mayer’s, and Wagner’s). Morphine 
crystals are readily obtained from the final residue by high vacuum micro sub- 
limation. 

Tissues: Two hundred grams of tissue is homogenized in a Waring Blendor 
with 100 ml. of water, 400 ml. of ethanol, and enough 20 per cent tartaric acid 
to render the mixture acid (litmus). The homogenate is refluxed for about six 


*If the spot plate is heated before adding the ethanol solution, “climbing” is reduced 
Considerably. 
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hours and filtered while hot. The filtrate is reduced in volume on a steam bath 
to 50 to 75 ml. Concentrated hydrochloric acid is added until a concentration 
of 10 per cent is reached, and the mixture is autoclaved for thirty minutes at 
15 pounds pressure. The hydrolysate is cooled and transferred to a 250 ml. 
centrifuge bottle. An equal volume of chloroform is added and the bottle shaken 
and centrifuged. The chloroform phase is discarded. The aqueous phase is 
adjusted to pH 11 with sodium hydroxide and extracted with an equal volume 
of chloroform. The chloroform phase is filtered and the filtrate is evaporated 
to dryness (Residue A). The aqueous phase is adjusted to pH 8 to 9 using 
hydrochloric acid. It is then extracted twice with equal volumes of 10 per cent 
ethanol in chloroform. The combined extracts are filtered and evaporated to 
dryness (Residue B). The residues are chromatographed, the alkaloid spots 
are removed from the paper, and the chemical identifications are made as des- 
eribed in the procedure for urine. 

Blood is diluted with an equal volume of water and then extracted, chromato- 
graphed, and examined chemically for alkaloids by the same methods given for 
urine. Stomach contents are treated in the same manner as the tissues. 


DISCUSSION 


A total of 1,103 urine specimens have been examined for morphine content 
using the methods described previously. Morphine was considered present 
when all of the following conditions were satisfied: (1) the chromatographed 
urine residue, when sprayed with the platinate reagent, shows a spot of charac- 
teristic color and Ry; value; (2) the spot derives from the expected residue (i.e., 
Residue B); (3) the residue obtained from the excised spot gives strong, 
characteristic colors when tested with Fréhde’s, Marquis’, and Mecke’s reagents. 
By these criteria, morphine was identified in 412 of the urine samples. Because 
many of the urine samples were obtained from subjects who were only vaguely 
suspect or who were under suspicion merely because of their association with 
acknowledged heroine addicts, the percentage of positive morphine identifications 
is not a measure of the sensitivity of the method. In numerous instances the 
time between administration of the narcotic and collection of the urine was 
of such duration that recovery of morphine could not be expected. 

Spots other than those produced by morphine were observed in the chromato- 
graphed residues of 42 per cent of the morphine-negative, and 54 per cent of 
the morphine-positive, urines. The platinate reagent often reveals dark, purplish 
areas on or close to the base line. ‘They lack the characteristic deep blue color of 
morphine and, when extracted from the paper, do not give colors with the 
three color reagents. These spots are derived largely from Residue A, but are 
oceasionally obtained from Residue B. Since similar spots have resulted from 
the extraction of the urine of control subjects, they are not thought to be related 
to the intake of opium alkaloids. It has not been established, however, that the 
spots from the submitted and control urine samples represent the same com- 
pound or compounds. 

A diffuse, red-violet spot in the R; 0.55 to 0.65 area was observed in 16 
per cent of the negative, and 24 per cent of the positive, morphine eases. The 
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spot derives from Residue A. The residues obtained from extraction of the 
excised spots fail to give color reactions. In comparing the results obtained from 
hydrolyzed and unhydrolyzed urines, including specimens subjected to both 
procedures, this high spot was shown to have occurred only after acid auto- 


claving had been performed. The chromatographed residues from the urines 


of control subjects show a similar spot. 

Of particular interest is a red-violet spot deriving from Residue A and 
occupying the codeine position on the paper. It has been observed in 51 per 
cent of the morphine-positive, and 12 per cent of the morphine-negative, samples. 
Twenty-six of these spots, all from morphine-positive cases, were selected at 
random, extracted from the paper, and rechromatographed on buffered paper 
(pH 7.0) using neutral isoamyl aleohol as the developing solvent. That more 
than a single substance was involved in the production of the original ‘‘codeine- 
like’? spot was shown by the appearance of spots in two general positions, Ry 
0.20 to 0.25, and R; 0.40 to 0.50. The latter position corresponds to that of 
codeine (Fig. 2). Seven of the twenty-six original spots took the lower position 
when rechromatographed, sixteen reached the higher position, and three gave 
spots falling into both positions. These various spots were extracted from the 
buffered paper and treated with Fr¢hde’s, Marquis’, and Mecke’s reagents. 
None of the residues from the low spots produced color reactions, nor did seven 
from the high spots. Nine of the sixteen high spots gave reactions characteristic 
of codeine. Three others produced colors, but not those indicative of codeine. 
In all the cases studied the narcotics were taken furtively and, thus, in undeter- 
mined quantities and degrees of purity. It is possible that the administered 
nareoties contained codeine as an impurity, probably as acetyleodeine in impure 
heroine.® 

Of the 691 morphine-negative urine specimens, thirty-six yielded spots which 
showed the proper R; value and color of the morphine spot, but failed to give 
positive reactions with the color reagents. Four of these were obtained from 
Residue A fractions, where morphine is not expected. Twenty-seven others were 
of insufficient intensity to establish chemically whether or not they represented 
morphine. The remaining five spots were of good intensity and qualified as 
morphine spots with respect to R; value, color, and derivation from the proper 
residue. Yet, when extracted from the paper, they failed to give the expected 
color reactions. While this disagreement between chromatographic and chemical 
findings represents but a small percentage of the total determinations, it points 
out the error that could result from drawing final conclusions from chromato- 
graphie data alone. 

The procedure has not as yet been adapted to the quantitative determina- 
tion of morphine in urine. A variety of methods have failed to achieve quanti- 
tative extraction of the morphine from the paper. Nevertheless, it is possible 
to make a fair estimation of the amount of morphine present by comparing the 
size and intensity of the resulting spot with standard morphine spots chromato- 
graphed serially in amounts ranging from 5 to 100 yg. The sensitivity of the 
met iod was determined by adding known amounts of morphine to control urines 
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and carrying out the chromatographic and chemical procedures as described. Ii 
is possible to identify as little as one part per million of morphine in a 50 ml. 
sample of urine. 

Morphine was found in the urine and tissues of fifteen autopsy cases. In 
all but one of these cases morphine was identified in the post-mortem bladder 
urine. Morphine was recovered from nine of the twelve livers, from three of 
the four kidneys, and from one of the seven brains examined. One of the two 
stomach contents specimens submitted yielded morphine. 

One hundred and four blood samples (20 ml.) were processed and from 
none of these was sufficient morphine recovered to permit identification. Thirty- 
three of the blood samples were obtained from individuals who voided morphine- 
positive urines. Chomatographed extracts from six of the latter blood specimens 
yielded spots which were characteristic of morphine, but of such low intensity 
that their identity could not be established. 


SUMMARY 


Nine opium alkaloids and the morphine substitute, meperidine, have been 
subjected to paper chromatography and their R; values determined, using 
various developing solvents and buffered papers. 

A method employing paper chromatography is deseribed which enables 
the detection of minute amounts of morphine in urine and tissues. 
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TWO SIMPLE MEDIA FOR THE DEMONSTRATION OF 
PYOCYANIN AND FLUORESCIN 


ELIZABETH QO. KING, B.S., M.S., MartHa K. Warp, Sc.D.,* AND 
DonaLp E. Raney, A.B.** 
ATLANTA, Ga. 


INTRODUCTION 


HE identification of the pseudomonads encountered in the diagnostie lab- 
, jpnehiae is complicated by the facet that many of them fail to produce pig- 
ment readily, if at all, on media commonly employed for routine work. Gaby 
and I'ree,* for example, reported that 4 per cent of the Pseudomonas aeruginosa 
cultures isolated in their laboratory did not produce pigment on heart infusion 
agar and were identified only after determination of other cultural and biochem- 
ical characteristics. That other laboratories have had similar difficulties is in- 
dicated by the numerous cultures subsequently identified as Pseudomonas sp. 
which have been submitted to the reference diagnostic service of this labora- 
tory. The recognition of these bacteria is becoming of increasing importance, 
since the use of wide-spectrum antibiotic therapy has resulted in an apparent 
inerease in the number of isolations from clinical materials. 

Excellent basic work has been done by Burton and her associates” ° 
on the effect of certain amino acids and inorganic ions on pyoeyanin produc- 
tion by a single strain of Ps. aeruginosa (A.T.C.C. No. 9027). The same strain 
was used by King and associates’ to study the mineral requirements for the 
elaboration of fluorescein. Georgia and Poe® investigated fluorescein production 
by ten strains (four from type culture collections and six from water) and, 
later,> demonstrated that the production of fluorescein by four strains of Ps. 
fluorescens was influenced markedly by the kind of peptone used in the culture 
medium. No studies of Pseudomonas pigment production employing the pep- 
tones prepared by the modern and more carefully standardized commercial 
produetion methods have come to our attention and we are not aware of any 
attempts to adapt the basic information obtained from previous work to 
methods which would be practical for routine diagnostic purposes. 

The present study, which was undertaken to develop a simple pigment- 
enhancing medium for routine use in the diagnostic laboratory, is based on the 
investigation of 107 strains of Pseudomonas which produce either pyocyanin, 
fluoresein, or both pigments. 
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PRELIMINARY INVESTIGATIONS 


Five different media were prepared by the addition of 2 per cent of 
various peptones (Bacto peptone, Bacto Tryptose, Bacto Tryptone, Proteose 
peptone and Proteose peptone No. 3—Difco*) to a base consisting of 1.5 per 
cent Bacto agar and 1.0 per cent glycerol. After adjustment to pH 7.2, each 
medium was dispensed in quantities sufficient to give a generous slant and butt 
(7 ml. in 15 by 125 mm. test tubes), and sterilized by autoclaving at 121° C. 
for fifteen minutes. Using capillary pipettes, the slants were inoculated with 
one drop of an aqueous suspension from a young agar culture. For this ex- 
periment, twelve relatively weak pigment-producing strains of Pseudomonas 
were used. Observations on pigment production were made visually after 24, 
48, 72 hours, and 6 days of incubation at 37° C. 

The results indicated that the kind of peptone used in the basal medium 
markedly affected pigment production. Bacto peptone proved to be su- 
perior to the others tested for the production of pyocyanin and pyorubint but 
had an inhibitory effect on the elaboration of fluorescein. Proteose peptone No. 
3 enhanced the elaboration of fluorescein and inhibited the formation of pyo- 
eyanin. Analyses of the composition of these peptones, furnished by the Difco 
Laboratories* * showed that they differed considerably in their content of cer- 
tain substances (e.g., chlorides, phosphorus, sodium, and magnesium, among 
others). 

In the light of the previously discussed information and the work of in- 
vestigators cited,’ ?** two empirical formulas were designed: one for 
enhancing the elaboration of pyocyaninit and one for stimulating the production 
of fluorescin.§ These media served as the bases for further modifications and 
also were used as controls in the subsequent work. 


DEVELOPMENT OF MEDIUM A FOR ENHANCEMENT OF 
PYOCYANIN AND PYORUBRIN 

A base containing 2.0 per cent Bacto peptone and 1.5 per cent Bacto agar 
was prepared in double strength; the substances to be tested were prepared in 
aqueous solutions of suitable strength and added in ecaleulated amounts to give 
the desired final concentration.|| Each completed medium, after adjusting to 
single strength volume with distilled water and correcting pH to the desired 
value, was tubed and sterilized as previously described. The test strains and 
the methods of inoculation and reading were the same as in the preliminary 
experiments. The empirical formula was used as a control. 


_*Trade names are used throughout as a means of identifying the products under dis- 
cussion and do not represent endorsement by the Public Health Service. 

, 7Pyorubin is the designation given here to a pink or red pigment frequently formed 
simultaneously with pyocyanin and/or fluorescin.by Ps. aeruginosa. The question as to whether 
or not pyorubin is a pigment distinct from oxidation-reduction products of pyocyanin has been 
raised in the past. Since the two pigments are observed frequently in the same culture, and 
pyorubin occurs, in some strains, with only a trace of pyocyanin, they are, for the purpose of 
this study, considered to be distinct. 

tBacto peptone, 2 per cent; Bacto agar, 1.5 per cent; glycerol, 1 per cent; MgS0O.7H:0, 
9 


- 


0.5 per cent; pH 7.2. 
§Proteose peptone No. 3, 2 per cent; Bacto agar, 1.5 per cent; glycerol, 1 per cent; 
KsHPO,, 0.15 per cent; MgSO;+ 7H20, 0.15 per cent; asparagine, 0.225 per cent; pH 7.2. 
||\Chemical substances tested: MgCl, KCl, NaCl, MgSO. - 7H2O0, K2SOs, K2HPOs, FeCl, 
FeSOs, CuCl, MnCle, MnSOs, glucose, mannitol, glycerol, d-1 alpha alanine and leucine. Salts 
anhydrous unless otherwise indicated. 
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No striking increases were observed in the amounts of pyocyanin produced 
in any of the various modifications as compared with the control formula. 
However, several factors were shown to give moderate improvement. A com- 
bination of MgCl, (0.14 to 0.5 per cent) and K,SO, (0.5 to 1 per cent) was 
found to give consistently better results than any other modification tested. Less 
pigment was produced when the total added salt exceeded 2 per cent, and also 
when no salt was added. Sodium salts were slightly inhibitory. Enhance- 
ment of fluorescin and a concomitant inhibition of pyocyanin production re- 
sulted when the phosphate concentration of the medium was increased above 
that present in the peptone itself. The addition of 100 p.p.m. CuCl proved 
to be the only modification which especially favored the production of pyo- 
rubin. In most cases it also caused a slight decrease in the amount of pyo- 
eyanin formed. The intensity of pyocyanin production appeared to be inde- 
pendent of the hydrogen ion concentration over a range of pH 6.0 to 8.0. 


Final Formula for Medium A 

Bacto peptone 2.0 per cent 

Bacto agar 1.5 per cent 

Glycerol, C.P. 1.0 per cent 

K.,SO, (anhydrous) 1.0 per cent 

MgCl, (anhydrous) 0.14 per cent 

pH 7.2 

Dispense and sterilize as described previously (Preliminary In- 

vestigations). The formula may be modified to increase the produc- 
tion of pyorubin by the addition of 100 p.p.m. of CuCl. If desired, 
prepare a stock solution containing 1.4 Gm. MgCl, and 10 Gm. K.SO, 
per 100 ml. of water. As diluent for the medium use 90 ml. of water 
plus 10 ml. of stock salt solution. 


Colors appearing in this medium varied with the strains employed. Pre- 
dominantly pyocyanin-producing strains of Ps. aeruginosa gave pigments rang- 
ing from light aqua to dark blue or green (when a slight amount of fluorescein 
was formed). With strains producing mainly pyorubin the color ranged from 
light pink to dark maroon. Strains elaborating both pigments showed a vari- 
ety of colors including many shades and mixtures of reds and blues. 


DEVELOPMENT OF MEDIUM B FOR ENHANCEMENT OF FLUORESCIN 


The empirical formula originally devised was modified in a variety of 
ways* using the same general methods as described previously for medium A. 


This medium was not improved by any of the various modifications tested. 
The asparagine was found to be unnecessary and was omitted. 


When the hydrogen-ion concentration of the medium was shifted to pH 
6.0, no fluorescein could be detected by visual examination. A final pH of 7.0 
to 8.0 appeared to be equally satisfactory for the demonstration of fluorescin. 


*Chemical substances tested: MgCle, MgS0O::7H20, KeSOs4, KeHPOs, FeCls glucose, 
glycerol, asparagine, and glycine. 
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Media containing 2.0 per cent peptone were definitely superior to those 

containing 0.5 per cent, the concentration reported to be optimum by Georgia 
and Poe’ in their investigations. 


Final Formula for Medium B 

Proteose peptone No. 3 2.0 per cent 

Bacto agar 1.5 per cent 

Glyeerol, C.P. 1.0 per cent 

K,HPO, (anhydrous) 0.15 per cent 

MegS04-7H.O 0.15 per cent 

pH 7.2 

A stock salt solution used as in medium A may be prepared by dis- 

solving 15 Gm. of K.HPO, and 15 Gm. of MgSO,-7H,O in 100 ml. of 
water. 


The pigment observed most frequently on this medium was fluorescent 
and of a greenish yellow hue. Some strains of Ps. aeruginosa also produced a 
small amount of pyocyanin giving it a bright green appearance. 


COMPARISON OF MEDIA A AND B WITH SYNTHETIC AND FREQUENTLY 
USED DEHYDRATED MEDIA 

After completion of the previously described work, the two media were 
compared with some of the synthetic media recommended for studies of pig- 
ment production” * 7 and with some of the dehydrated, commercially available 
media commonly employed in diagnostic laboratories. 

Synthetic Media.—The following five synthetic media, prepared according 
to the directions of their respective authors, were studied : 


Burton I—with glycine for pyocyanin' 
. Burton IJ—with d-L alanine for pyoevanin' 
3. King—for fiuoresein’ 
4. King—for pyoeyanin’ 
5. Georgia and Poe—for fluoresein® 


Ten strains of Pseudomonas, selected on the basis of their reactions ob- 
served on media A and B, were used in this study. 

The incubation temperature and inoculation procedures were the same as 
described in the preliminary experiments. The cultures grown in the synthetic 
media were aerated by vigorous shaking before any attempt was made to es- 
timate the amount or kind of pigment present. 


None of the synthetic media tested was as satisfactory as those recom- 
mended here. Those media designed primarily for stimulation of pyocyanin 
were less satisfactory than medium A in either the amount of pigment formed, 
the time required for its appearance, or both. Similarly, the two media <e- 
signed primarily for fluorescin production were less satisfactory than medium 
B. In many instances a colorless but fluorescent product was formed which 
required ultraviolet light for its demonstration. 
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In view of these results and because of the inherent difficulties in the 
routine use of chemically defined, liquid media, it was considered not worth 
while to extend the studies with synthetic broths beyond this point. 

Dehydrated Media.—The dehydrated media used in this comparison were 
Heart Infusion agar (Difco), Tryptose agar (Difco), and Proteose No. 3 agar 
(Difeo). The infusion and Tryptose agars were prepared as directed by the 
manufacturers. The Proteose agar was prepared as directed and diluted with 
distilled water to single strength. 

A total of 107 strains of Pseudomonas were used in these comparative 
tests, including 87 strains submitted to the reference diagnostic service of this 
laboratory for identification. 

The results obtained after forty-eight hours of incubation are presented 
in Table I. Readings made after this period and through six days showed only 
a gradual deepening of the pigments formed on medium A and B and some 
equivocal reactions in the other media used. Change from a negative to a 
frankly positive reaction after forty-eight hours was rare. The designation in 
the table of the pigment or pigments formed is made on the basis of reactions 
on media A and B. The appearance of any pigment on Heart Infusion, Tryp- 
tose, and Proteose No. 3 agar was considered to be a positive reaction. 


TABLE I, COMPARISON OF PIGMENT PRODUCTION ON FIVE MEDIA BY 107 STRAINS OF 
PSEUDOMONAS 








POSITIVE POSITIVE POSITIVE POSITIVE 
TYPE OF PIGMENT | NUMBER ON ON HEART POSITIVE PROTEOSE 
PRODUCED ON A | OF MEDIUM A | MEDIUMB | INFUSION | TRYPTOSE NO. 3 


____AND/OR B | stRAINS| NO. | % | NO. | % no. | % No. | % no. | % 
Fluorescein only 38 0 











0 38 100 5 13 1 3 19 50 
Fluorescein, pyocy- 51 51 100 51 100 29 56 18 35 51 
anin, pyorubin 
Pyocyanin and 7 7 100 4 57 28 
pyorubin 
Fluorescein and 8 = 100 2 25 8 100 
pyorubin 
Dark brown* and 3 100 3 100 3 100 
fluorescin 
Total cultures 107 3S 64 9% 43 40 29 27 83 Ge 


*This dark brown pigment is produced within 18 to 24 hours on all media. It does not 
appear to be an oxidation-reduction product of pyocyanin, pyorubrin, or fluorescin. 











It ean be seen from the table that no single medium can be depended upon 
to reveal all pigment-producing strains. The thirty-seven Ps. fluorescens-like 
strains (producing fluorescein only) were negative on medium A, and those few 
strains (seven) which did not produce fluorescein were negative on medium B. 
In our experiences, however, these latter strains are rare, and it is possible that 
they represent cultures of Ps. aeruginosa which have lost their ability to elab- 
orate fluorescein. Of the three dehydrated media tested, Proteose No. 3 gave 
the highest percentage (77) of positive reactions. Heart Infusion and Tryp- 
tose agar were definitely inferior, giving 40 and 27 per cent positives, re- 
spectively. 

If only one medium can be employed for general use, it would appear that 
mecium B is the more suitable for detecting the pseudomonads encountered 
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most commonly in diagnostic work. However, if strains of Ps. aeruginosa which 
fail to produce fluorescein but do elaborate pyocyanin or pyorubin are to be de- 
tected by pigment production, the use of both media described here is to be 
recommended. 


REACTIONS OF ORGANISMS OTHER THAN PSEUDOMONAS ON MEDIA A AND B 


Media A and B described previously have been included in the biochemical 
routine for identification of all the miscellaneous bacteria received for over 
a year, and the reactions produced by a wide variety of organisms have been 
recorded. The most frequently observed reaction with bacteria other than 
Pseudomonas (some organisms of the enteric group and some Alealigenes-like 
organisms) is a slight yellowing of one or both media. Yellowing of the 
medium can be distinguished from slight fluorescin production by examining 
the eultures under ultraviolet light, since the confusing substance does not 
fluoresce. 

A water-soluble, tan-to-brown pigment is produced by some of the non- 
fermenters, as well as by some aerobic spore formers on both media. Certain 
poorly pigmented strains of Serratia form a pink pigment which usually is 
water-soluble on medium B. An oceasional strain of this group may produce 
the characteristic nonwater-soluble pink pigment on medium B when it fails 
to do so on Heart Infusion or Tryptose agar. 

The writers have observed two strains of Clostridium (indistinguishable 
from type strains of Cl. perfringens), which produce a water-soluble, pale-pink 
pigment on medium A. 


DISCUSSION 


The work reported here describes a practical means by which certain 
strains of Pseudomonas responsible for some confusion in etiological diagnosis 
of disease may be recognized with relative ease. 

It should be emphasized that the 107 strains of Pseudomonas included in 
this study are not necessarily representative of all of the pseudomonads en- 
countered in general diagnostic work. Since the reference service of this 
laboratory is maintained to study cultures which have been found to be atypi- 
eal or difficult to identify in other laboratories, these cultures constitute a some- 
what selected group. Probably the relative proportions of the selection factor 
involved may be indicated roughly by a comparison of the results of the work 
of Gaby and Free* cited previously with those presented here (4 per cent of 
Ps. aeruginosa negative on heart infusion agar in the first instance and 43 per 
cent of the pyocyanin producers negative on a similar medium in this study). 

We have received for identification only two organisms having the comple- 
ment of cultural and biochemical characteristics ascribed to pseudomonads which 
failed to produce a characteristic water-soluble pigment on one or the other of the 
media described. Information regarding the number of transplants which these 
organisms had undergone before they were submitted for study was not available, 
making it impossible to determine whether or not these strains would have 
formed pigment on initial isolation. 
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The results of this study further emphasize the fact that in many instances 
the usefulness of a culture medium may be determined not only by the pres- 
ence of certain stimulatory constituents but also by the absence, or minimal 
concentrations, of components which may have deleterious effects. The most 
probable explanation for the differential effect of certain peptones on the 
elaboration of pyocyanin and fluorescein is revealed by the examination of the 
available analyses of the constituents of Bacto and Proteose No. 3 peptones.* ® 
Bacto peptone contains less phosphorus (0.079 per cent) while Proteose pep- 
tone No. 3 (0.46 per cent) contains more than the other peptones included in 
this study.* Portions of this work therefore would appear to corroborate that 
of other investigators? who demonstrated in chemically defined media the 
stimulatory effect of phosphates on fluorescein production and the inhibitory 
effect of the same ion in concentrations above a minimal level on elaboration 
of pyoeyanin. 

In addition, both of these peptones contain relatively low concentrations 
of sodium ion, which was found to be inhibitory, and of phenylalanine which 
was shown by Burton and associates: to be detrimental to the production of 
pyocyanin. The combination of these factors gives two peptones which are 
eminently satisfactory for use in basal media for the stimulation of pigments 
characteristic of the Pseudomonas genus. 


SUMMARY 


Two simple media for the enhancement of pigment production by certain 


organisms of the Pseudomonas genus are described. The results of compara- 
tive studies employing these media, certain synthetic broths, and some com- 
monly used dehydrated preparations are reported. One hundred (93 per cent) 
of the 107 strains of Pseudomonas studied were detected by pigment produc- 
tion on medium B; all 107 strains could be detected by the combined use of 
Heart Infusion agar and 27 per cent on Tryptose agar. The reactions produced 
strains elaborated a water-soluble pigment; 40 per cent were positive on Difco 
media A and B. On Difco Prvt20se peptone No. 3 agar, 77 per cent of the same 
on the two media by organisms belonging to certain other genera are described. 


We gratefully acknowledge the many helpful suggestions made by Dr. D. 8S. Martin 
during the preparation of the manuscript. 
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THE USE OF GLYCOGEN AS A SUBSTRATE FOR THE 
DETERMINATION OF SERUM AMYLASE 


Howarp S. FrrEpMAN, PH.D. 
TAMPA, FLA. 


INTRODUCTION 


HE purpose of this investigation is to present an improved method for the 

determination of serum amylase, and to determine the standard range to 
be used with the improved method. <A recent procedure’ suggests the use of gly- 
cogen as a substrate in place of the less stable starch reagents which are also 
more difficult to prepare. The excess glycogen is removed by methanol 
precipitation, and the total remaining carbohydrate is determined with the 
anthrone reagent.2, In the method now proposed, methanol precipitation is 
omitted and the liberated glucose is measured in a barium-zine filtrate. The 
present work sets forth the results of determinations on 91 sera, in order to 
establish the standard range by the new method, in terms of glucose formed 
expressed as milligrams per 100 ml. of serum. The new method uses a lower 
substrate concentration, and determines amylase activity by copper reduction. 


EXPERIMENTAL 


Reagents.—1. Barium hydroxide, 0.3M3: This reagent is diluted with distilled water so 
that between 13.5 and 14.5 ml. are required to neutralize 4.0 ml. of 5 per cent zine sulfate 
solution to phenolphthalein. 

2. Zine sulfate, 5 per cent.3 

. Alkaline copper tartrate, Somogyi.4 

. Arsenomolybdic acid, Nelson.5 

. Phosphate-chloride buffer, pH 6.8: Dissolve 2.7312 Gm. of potassium dihydrogen 
phosphate and 4.3 Gm. of sodium chloride, both of analytic grade, in about 300 ml. of distilled 
water in a 500 ml. volumetric flask. Add 47.2 ml. of 0.02N sodium hydroxide, or the equivalent. 
Dilute ta 500 ml. with distilled water, and mix well. The pH should be 6.8 + 0.1. 

6. Glycogen buffered substrate: Place 200 ml. of phosphate-chloride buffer and 2.5 Gm. 
of glycogen (Eastman) in a 500 ml. volumetric flask, and dilute to the mark with distilled 
water. Mix well, and store in the refrigerator. One-fifth quantities may be prepared for 
laboratories doing small numbers of these determinations. The reagent is stable in the 
refrigerator for at least three months. 

7. Stock glucose standard: 1.000 Gm. to 100 ml. with 0.25 per cent benzoic acid. 

8. Working glucose standard: Dilute 1 ml. of stock glucose standard to 200 ml. with 
0.25 per cent benzoic acid, in a volumetric flask. This solution is equivalent to 100 mg. of 
glucose per 100 ml. of serum. The reagent is quite stable at room temperature, and almost in- 
definitely stable in the refrigerator. 

Procedure.—Test tubes without lip (13 by 100 mm.) or centrifuge tubes may be used. 
For each serum to be examined, label two tubes ‘‘ Amylase’’ and ‘‘Blank.’’ Add 2.0 ml. of 
buffered glycogen substrate to each tube. Place both tubes in a 37° C. incubator or water 
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bath for 2 minutes. To the tube marked ‘‘Amylase,’’ add 0.2 ml. of serum. Mix well, and 
return both tubes to the incubator or water bath for exactly 15 minutes. Remove the tubes, 
and add 0.2 ml. of serum to the ‘‘Blank’’ tube. To both tubes add 1.4 ml. of barium hydroxide 
solution. Mix well, and let stand for 30 seconds or more. To both tubes add 0.4 ml. of 5 
per cent zine sulfate solution. Stopper the tubes and shake vigorously. Centrifuge at not 
less than 2,000 r.p.m. for not less than 10 minutes. The supernate should be absolutely clear, 
without a trace of opalescence. Transfer 1 ml. of each supernate to a tall test tube (15 by 
200 mm.) graduated at 10 and 20 ml. Add 1 ml. of alkaline copper tartrate reagent, Somogyi, 
and mix. Prepare two more tubes with alkaline copper tartrate reagent, one containing 1 ml. 
of distilled water, for the method blank, and one containing 1 ml. of glucose working standard. 
Place the tubes in a boiling water bath for 10 minutes. Remove and let cool at room tem- 
perature for 2 minutes. Add one milliliter of arsenomolybdic acid reagent to each tube, mix 
well, and let stand for 5 minutes. Dilute to 20 ml. with distilled water. Transfer to cuvettes 
(19 by 150 mm.). Read in the Coleman Junior Spectrophotometer at 520 my, setting the 
absorbance of the method blank to 0. If the Klett-Summerson colorimeter is used, dilute the 
final solution to 10 ml, and read using a green filter (Klett No. 54), setting the absorbance of 
the method blank to 0. 


ee a an 100 = amylase units, in terms of milligrams glucose formed 


in fifteen minutes per 100 ml. of serum, where A, is the absorbance of the incubated serum 
sample, A, is the absorbance of the unincubated serum sample, and A, is the absorbance of the 
standard. 

When the serum glucose concentration, which is the blank, is elevated above about 
150 or 200 mg. per 100 ml., low or negative amylase values are often obtained. In such 
instances, the serum should be diluted with 1, 2, or more volumes of 0.9 per cent sodium 
chloride solution, until the serum glucose concentration is less than 100 mg. per 100 ml. 
Repeat the procedure using the diluted serum. Apply the correction factor before calculating 
the results with the previously given equation. 


RESULTS 


Ninety-one sera were analyzed for their amylase content or activity by the 
proposed method. The results are presented in a statistical analysis in Table I. 


TABLE I. STATISTICAL ANALYSIS OF AMYLASE DETERMINATIONS ON 91 NORMAL SERA 








Number of Sera 

Range 

Mean 

Standard Deviation of Mean 
Standard Error of Mean 
Variance 49.2% 








Thirty sera from patients with various diseases were similarly analyzed. 
The results are shown in Table II. 


TABLE IJ. SERUM AMYLASE VALUES IN VARIOUS DISEASES IN AMYLASE UNITS 
(MG. GLUCOSE PER 100 ML.) 














HEPATITIS PREGNANCY | BILIARY OBSTRUCTION | DIABETES CIRRHOSIS 

25 27 29 19 10 

26 27 49 25 13 

26 42 40 16 

21 31 31 20 

30 33 32 23 

31 33 19 18 

28 20 18 

30 
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A comparison of amylase values obtained with the proposed method, and 
with the Somogyi-Andersch method? is presented for 10 sera in Table III. 


TABLE III. COMPARISON OF GLYCOGEN-COPPER REDUCTION METHOD WITH 
SomoGyI-ANDERSCH PROCEDURE 











GLYCOGEN-COPPER | SOMOGYI-ANDERSCH 

(MG. PER 100 ML.) | (MG. PER 100 ML.) FACTOR 
24 39 1.63 
28 60 2.14 
33 50 1.51 
23 29 1.26 
19 26 ao 
18 33 1.84 
19 31 1.63 
20 31 1.55 
22 33 1.50 
28 50 1.79 

Avg. 23.4 38.2 1.62 


S.D. +0.24 





An analysis of the glycogen buffered substrate alone showed a value of 
total reducing substances in terms of glucose, of 6 mg. per 100 ml. This value 
is negated by the use of two samples of substrate, both incubated, the reducing 
contents of which are subtracted from each other. This value corresponds to 
the presence of about 1.2 Gm. of reducing substances per 100 Gm. of glycogen. 


DISCUSSION 

Myrbick’ has shown that in the presence of a large excess of substrate, 1.7 
times as much starch is hydrolyzed by malt B-amylase as glycogen, provided the 
per cent of hydrolysis is small, less than 10 per cent. Similarly, malt B-amylase 
will hydrolyze 1.3 times as much amylase as starch. It is therefore reasonable 
to assume that 1.7 times as much starch as glycogen will be hydrolyzed by animal, 
or serum amylase. Sobel and Myers* obtained a ratio of 1.62; this figure has 
been duplicated in the present study. 

Under the conditions outlined previously, it is possible to determine amylase 
values as high as 5,000, without repeating the determination. About 1 per cent 
of this value is obtained with normal sera, indicating that hydrolysis takes place 
to the extent of not more than 1 or 2 per cent in the time specified. The con- 
centration of B-amylase in normal serum is not more than 0.3 per cent, in terms 
of protein concentration. Under the conditions described previously, about 17 
mg. of glycogen are present for each milligram of amylase nitrogen. 

The standard range is shown in Table I. Using the factor 1.62, obtained 
in Table III, the corresponding standard range calculated from the Somogyi- 
Andersch method® would be 25 to 90 units. Actually, almost the entire range 
falls about 20 units lower than the calculated range. Using the Somogyi- 
Andersch method in this laboratory over a period of several years, the writer 
has seldom if ever obtained values above 100 units, in the absence of acute 
pancreatitis. 

Normal values have been obtained with the proposed method in hepatitis, 
pregnancy, and biliary tract obstruction. Slightly lower values, though stil! 
within the standard range, have been obtained in diabetes. Definitely low values 
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have been found in cirrhosis. Correspondingly low values have been obtained 
in this disease using the Somogyi-Andersch procedure. This observation has 
been noted by other workers. 

CONCLUSIONS 


The results shown in Table I indicate that the standard range of B-amylase 
activity by the proposed method is 0 to 73 units, with 89 per cent of the values 
falling between 10 and 59. 

SUMMARY 


A modified glycogen procedure has been presented for the determination 
of serum f-amylase activity. The method uses a stable glycogen buffered sub- 
strate, and the amount of amyloclastic activity can be determined by the use 
of any of several methods for the determination of glucose or total reducing 
substance. The procedure is simple, rapid, and accurate. 
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THE INTERFERING EFFECTS OF P-AMINO HIPPURATE AND SIMILAR 
COMPOUNDS ON THE ESTIMATION OF KETONE BODIES BY THE 
2,4-DINITROPHENYLHYDRAZONE TECHNIQUE 
Puiuie K. Bonny, M.D., AND CosBIrE MARABEL, JRa, A.B. 

New HAveEN, Conn. 

HEN acetoacetate and B-hydroxybutyrate are oxidized by acid dichro- 

mate under properly controlled conditions, they are converted to acetone, 
which can readily be estimated colorimetrically as the 2,4-dinitropheny]- 
hydrazone. This reaction has been the basis of successful methods for the 
estimation of blood ketone bodies.’.? Under ordinary circumstances, there 
is no important interference with this reaction by nonspecific contaminants. 
We have recently discovered, however, that certain biologic and pharmaceutic 
materials are capable of interfering with the application of these methods to 
the determination of blood ketone bodies by producing an interfering colored 
compound with 2,4-dinitrophenylhydrazone. As an example, the results of an 
intravenous injection of p-amino hippurate on the apparent blood ketone 
bodies are shown in Table I. 


TABLE I. EFFECT OF INTRAVENOUS P-AMINO HIPPURATE ON THE APPARENT BLOOD KETONE 
Bopy CONCENTRATION 





KETONE BODIES (MG. PER 100 ML.) 
MINUTES AFTER STARTING PAH INFUSION (AS ACETOACETATE ) 

40 8.1 

54 11.0 

90 11.8 

120 115 

180 12.6 

240 16.1 

300 17.4 











In order to clarify the mechanism of this interference, a number of 
materials were tested (Table II). It is clear that the offending chemicals are 
those which possess a p-amino benzene configuration. The fact that equimolar 
quantities of the various substances do not produce equivalent optical den- 
sities may simply reflect the fact that we have made no attempt to explore 
the optimal conditions for the oxidation in each case, but instead have studied 
the amounts of color produced under the circumstances considered optimal 
for the estimation of ketone bodies. 
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TABLE II, EFFECT OF VARIOUS SUBSTANCES ON THE DETERMINATION OF KETONE BODIES 








OPTICAL DENSITY PER 
SUBSTANCE MG. TESTED OPTICAL DENSITY MILLIMOLE 
p-amino 1.25 147 
hippuric 2.50 312 
acid 5.00 002 
p-amino 1.25 .061 
salicylic 2.50 109 
acid 5.00 191 
p-amino 5.00 .693 
benzoic acid 
sodium 25.00 153 
sulfadiazine 
acetanilid 5.00 110 
barbital 5.00 065 
glycine 5.00 .020 
benzoic acid 5.00 .000 
phenol 5.00 .000 
sodium salicylate 5.00 .000 
benzene 5.00 .000 
p-benzoquinone 5.00 950 ; 
2.50 520 ; 
p-benzoquinone* 5.00 137 3.0 














The test substances were dissolved in water and the indicated quantities were treated 
by the chromic acid oxidation followed by 2,4-dinitrophenylhydrazone method of Greenberg 
and Lester! as modified by Michaels and associates.? 


*2,.4-dinitrophenylhydrazone was formed without previous dichromate oxidation. 


The interfering substance produced on oxidation of the p-amino benzene 
radical is not benzoquinone, since this material fails to produce a characteristic 
colored compound with 2,4-dinitrophenylhydrazone without previous oxidation. 

We have determined the absorption spectra of several materials subjected 
to the Greenberg and Lester oxidation. Sulfadiazine, p-amino hippurate, and 
ethyl acetoacetate all gave similar curves from 380 to 450 mz; below 360, 
however, the spectra varied widely, presumably because of the widely differ- 
ing nature of the residues after oxidation. 

From these data, it is clear that blood ketone bodies cannot be estimated 
reliably by methods employing the 2,4-dinitrophenylhydrazone reaction if the 
subject is receiving p-amino hippurate, p-amino benzoate, or p-amino salicyl- 
ate. 
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SEPARATION AND CONCENTRATION OF BIOLOGIC COLLOIDS 
BY CRYODIALYSIS* 


HEINZ WALDMANN-MEYER AND CARLOS LOBO-ONELL 
SANTIAGO, CHILE 


HILE studying protein denaturation by high and low temperatures,! we 

observed that sera and proteie urines when suspended in cellophane bags 
in an air space of about —1° C. produced outside the membrane a layer of ice, 
which contained eventually the erystalloids originally present in the material. 
The colloids inside the membrane concentrated, achieving in certain cases solid 
consistency. 

Taking into account the extreme simplicity of this procedure, which we 
named ‘‘eryodialysis,’’ and its possibilities for the isolation, concentration, and 
preservation of biologic colloids, we have investigated some of its aspects which 
may throw light upon the physicochemical basis and prospects for practical 
application. 

It should be mentioned that Kober? described in 1917 a technique called 
‘‘perstillation’’ or ‘‘pervaporation.’’ He introduced his solutions, containing 
both colloids and erystalloids, into cellophane bags, which he suspended over a 
flame or electric heater, and found that the crystalloids diffused through the 
membrane and remained finally as a erystal layer on the outside, while the 
colloids remained within. Gortner® regards this as ‘‘an important technique, 
which appears to have been rather generally overlooked.’’ Nevertheless, we must 
emphasize that Kober’s method is of no use in biology because of the thermo- 
lability of proteins, which constitute most of the physiologic colloids. 


MATERIALS AND METHODS 


Physicochemical Basis of Cryodialysis—Two main phases of this process should be 
distinguished: (a) evaporation and (b) dialysis. 

a. Evaporation: When the wet cellophane bag with the material is introduced into 
the refrigerator at approximately -1° C., humidity from the cold air space, together with 
the aqueous phase which begins to diffuse from the interior of the tube, is deposited outside 
the membrane. The humidity begins to evaporate, thus initiating an endothermic reaction 
which will cause eventually the condensation of the remaining moisture into a layer of ice. 

b. Dialysis: The ice layer, formed by initial evaporation and deposited on the cellophane 
membrane, acts as a thermoisolator, producing a slight but constant difference of temperature 
between the interior and the exterior of the membrane. Moreover, the various inorganic 
and organic substances present in serum and urine, by lowering the freezing point, will avoid, 
in general, ice formation inside the tube, in case the isolating properties of the ice layer and 
cellophane membrane did not suffice. 

Consequently, the two systems separated by the membrane differ in their physical state 
and temperature. Hence, compensation will take place in the zone bordering on the membrane, 
the liquid phase tending to solidify. This shift from liquid to solid starts an exothermic 
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reaction which produces the liquefaction of an extremely thin layer of the ice situated 
directly on the outer wall of the cellophane bag. The crystalloids diffuse into this narrow 
liquid layer, which is in dynamic equilibrium with the outer face of the ice, where evaporation 
occurs without interruption, thus maintaining the difference of temperature and the dynamic 
nature of the biphasic cycle. 


Wig: 1. Fig. 2. 
_ Fig. 1.—Normal serum after 72 hours of cryodialysis. Dilution to 25 per cent with 
Physiologic saline. 
Fig. 2.—The same experiment as mentioned in Fig. 1 after removal of the ice layer from 
the lower part, in order to visualize the separation. 


During the whole process, the diameter of the ice layer increases steadily through 
condensation of the aqueous phase. Probably the reaction ends (i.e., no further reduction 
of the interior bag-volume occurs) when the liquid layer between ice and membrane reaches 
a certain eryoscopic descent by saturation with crystalloids, thus preventing further ice 
formation. Last, but not least, the ice might also exert a certain mechanical pressure upon 
the bag, thus forcing some of the liquid from the inside to the outside (Figs. 1 and 2).* 


Ree: would be beyond the scope of this paper to consider the part which osmotic pressure 
has in ecryodialysis, but, taking into account the extremely narrow layer where dialysis seems 
to take place, its role would be rather minimal. 
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Experiments showing the influence of evaporation: Cellophane bags with diluted sera 
were suspended in inverted glass cylinders (volume, 2 L.) and placed in the refrigerator. 
About 300 Gm. of anhydrous calcium chloride was put into the cylinder space and the 
temperature was rigorously controlled. During the experiment, which lasted five days, no 
ice was formed on any of the bags because of the immediate absorption of humidity by the 
ealcium chloride. The reduction of the inner volume was insignificant when compared with 









the controls. 

Simultaneously, a parallel experiment was run, in which 500 ml. of tap water was 
introduced into the cylinder instead of calvium chloride. Practically no evaporation occurred 
from the membrane and almost no reduction of volume took place, since the space soon became 








saturated with water vapor (Table I). 







TABLE I. INFLUENCE OF VAPOR SATURATION ON CRYODIALYSIS 








CALCIUM CHLORIDE WATER | ~ CONTROL — 


DAY; 1/2/3/4|] 5]/1/2]3/4] 5] 1 | 2 |3]4]5 






















5 per cent aqueous serum 








dilution 

Ice layer formation —- - = = = = = = = = +H +HH++ 

Final protein concentration x2.1 x1.7 x31.0 
10 per cent aqueous serwm 

dilution 

Ice layer formation —--- — = = = = = = +H +H 

Final protein concentration x1.9 x1.0 x15.2 

















Experiments on the influence of crystalloid concentration in dialysis: When normal 
sera and nephrotic urines were dissolved in physiologic saline solution, 1 per cent Na,SO,, o1 
distilled water, it was noted that in both salt dilutions the ecryodialytic process did not end 
before 96 hours, whereas in all aqueous dilutions lower than 50 per cent, 48 hours were 
sufficient. Several sera diluted with 3.6 and 7.2 per cent NaCl solutions did not form ice 
during the time of observation of 7 days, only slight evaporation taking place in the 3.6 
per cent NaCl dilution. 

From these observations it must be inferred that optimum results are achieved with 
aqueous dilutions. Dilute salt solutions inhibit the cryodialytic process through increasing 
concentration of erystalloids within the outer liquid layer, while concentrated salt solutions 
prevent the ice formation from the very beginning eryoscopically by initial diffusion of 
erystalloid to the outside, so that cryodialysis does not take place. 












Hence, inhibition is directly proportional to crystalloid concentration and temperature. 
The lower the temperature at which we work—within an obviously limited range—the higher 





the salt concentration necessary to inhibit cryodialysis. 






Methods.—‘‘ Visking No-Jax’’ cellophane casings,* size 27/32, were used. The bags 


were closed by tying the tube at both ends (avoiding any excess of air inside) and were 
rinsed with tap water. They were then placed in the laboratory refrigerator at a temperature 
of about —1° C., and beakers were set under the materials. The approximate ratio, original 
open the 








volume:ice, was observed every twenty-four hours, and care was taken not to 
refrigerator more than was strictly necessary., When no further increase of the ice layer 
seemed to occur, the materials were taken out, placed in the respective beakers, and left 
for 110 minutes at room temperature until the ice had completely separated. The ice volume 
was determined as water, while the colloidal concentrate was collected as completely as possible 
from the cellophane bag and measured in weight or volume. 










Protein determinations were run in duplicate by the micro-Kjeldahl technique. 






*Visking Corp., New York, N. Y. 
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RESULTS 

Concentration.—The final concentration of protein was directly proportional 

to the time of exposure and the dilution, in the case of aqueous serum dilution. 

In undiluted sera, the final concentration became a linear function of time. On 

the other hand, as mentioned previously, dilution with physiologic saline solution 

or 1 per cent sodium sulfate increased the time required to produce maximum 

ice formation and lowered the final concentration achieved (Fig. 3). Cryo- 

dialyzed urines showed the same tendency as sera, the time required to reach 

maximum coneentration generally being longer because of the naturally occurring 
salts of urines.* 


Serum dilution % 


BA2AQOQ 
20:25 10 5 


Distilled Whole serum 
water 


ail 


/sotonie 1% Sodium sulfate 
Saline 

















5 £& &© Tear" ¢ 2 7 8 »24™ 


Fig. 3.—Cryodialysis of normal serum. Abscissa, time in days. Ordinate, colloid concentration 
(numbers signify extent of condensation referred to the initial concentration). 





Preservation of Concentrates——Final protein concentrates had consistencies 
which varied from highly viscous to solid. It was of interest to establish whether 
proteins had suffered denaturation during eryodialysis through the effect of 
cold. 


In 1950 we showed' that freezing tends to produce in certain sera an 
increase of the gamma globulin fraction with a simultaneous decrease of serum 
albumin, as evidenced by electrophoresis. Three cryodialyzed sera which had 
attained solid consistencyt were left at room temperature for six weeks, then 
redissolved in a mortar, without major difficulties. Absolutely homogeneous 
solutions were obtained and analyzed by electrophoresis after usual adjustment 


*Some irregularities observed in Fig. 3 may be due to the lack of homogeneity in the 
Pcrous size of the cellophane membranes, which could vary from one section to the other 
(Corona‘). 

_ +The moisture content of one of these concentrates was 13.7 per cent, as determined by 
desiceation at 90° C. for 48 hours. 
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of pH and dialysis. On comparison of the electrophoretic patterns with those 
of the original, untreated materials, no significant difference was found which 
might indicate any alteration of the protein during eryodialysis or subsequent 
preservation. 

Recovery.—As expected, no significant differences in the recovery of proteins 
were observed among the various dilutions. The fact that less than 100 per cent 
of the initial protein was recovered is due to the unavoidable adherence of 
traces of the materials to the cellophane. From the work of Watson and Lerner’ 
on eryoglobulinemia, it is also known that certain globulin fractions, probably 
of the gamma type, may precipitate in the cold, a property which makes their 
recovery from the tip of the bag highly difficult. The recovery of crystalloids 
from the ice layer, determined as sodium chloride, reached similar values to 
those found for proteins (Table IT). 





TABLE II. 





COLLOID AND CRYSTALLOID RECOVERY FROM CRYODIALYZED MATERIALS 








PROTEINS _ 
| DIST. WATER | | | SODIUM 


DILUTION UNDILUTED | AQ. DEST. | 1% Na,S0, SALINE | CHLORIDE 











Normal Sera 





sas 86.0% * — — — — 

5% — 92.0% 90.8% ? 86.0% 
10% — 98.8% 86.5 100.0% 84.5 
25% — 100.0 92.5 90.0 100.0 
50% — 93.5 100.0 99.2 100.0 
Average 86.0 96.2 92.5 96.2 93.0 

Nephrotic Urines 

mont 92.0% = — = = 

5% — 98.0% — 92.0% 87.0% 
25% — 94.2 — 97.0% 72.0 
50% — 88.0 — 91.5 89.0 
Average 92.0 93.5 — 93.5 82.8 





*Mean value of nine experiments. 


DISCUSSION 

When eryodialysis is compared with the usual techniques for separating and 
concentrating colloids, it is seen that this extremely simple method shows several 
fundamental advantages over dialysis and lyophilization, which are shared by 
ultrafiltration. Compared with ultrafiltration, our technique requires consider- 
ably more time, but offers, on the other hand, the prospect of obtaining materials 
which may be easily preserved. 

Through the use of membranes of various porosities, it should be possible 
to isolate colloids of different molecular sizes without major difficulties. The 
results so far obtained leave no doubt that cryodialysis may be applied to any 
colloidal system, provided that the membrane is not damaged by the material. 

Although probably ecryodialysis will not compete with lyophilization in its 
applications to bacteriology and industry, we are convinced that by increasing 
the evaporation surface of the membranes, by applying lower temperatures when 
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crystalloid concentrations are increased, and by considering the influence of the 
pH, the dynamies of the process will be greatly enhanced, so that higher colloid 
concentration may be achieved in shorter time. 


SUMMARY AND CONCLUSIONS 


Biologic fluids contained in cellophane casings, when suspended in a cold 
air space, separated into colloids and erystalloids, with concentration of the 
former within the bag and formation of a crystalloid ice layer on the outside. 
The phenomenon is named eryodialysis. 

The physicochemical basis of cryodialysis appears to be a biphasic thermo- 
dynamie eyele: (1) an endothermic evaporation reaction which produces a 
primary ice layer, causing a slight difference of temperature between the two 
sides of the membrane and (2) an exothermic condensation process, which 
permits the diffusion of erystalloids. 

The study of 50 normal sera and nephrotic urines showed that crystalloids 
inhibited the dialysis-phase of the process cryoscopically, the inhibition being 
directly proportional to crystalloid concentration and temperature, and in- 
versely proportional to the molecular weight. 

When eryoscopie inhibition was discarded, the final concentration of 
colloids appeared as a linear function of time and dilution. Over twenty-five fold 
concentration of the initial protein content per milliliter or gram of material 
could be obtained by aqueous dilution. 

Concentrates which achieved solid consistency could be preserved for a 


minimum of six weeks at room temperature. No protein denaturation as 
evidenced by electrophoretic analysis was found to be produced either by eryo- 
dialysis or by subsequent preservation of the concentrates. Reeovery of protein 
and added erystalloids amounted to medium values which varied from 82.8 to 
96.2 per cent. 
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iw WAS noted by Addis and Drury? in 1923, that the rate of excretion of 
urea in man was augmented by food ingestion, independent of changes in 
the blood urea. Jolliffe and Smith,? in 1931, reported that a protein-poor diet 
lowered the postabsorptive urea and creatinine clearances. The variations in 
canine urea clearance induced by changing the protein content of the diet were 
correctly attributed to concomitant changes in glomerular filtration rate* ‘ 
and it was also noted that the feeding of amino acids produced similar ef- 
fects..° Van Slyke and his co-workers,’ in 1934, demonstrated that these 
changes were due to changes in renal blood flow. As indirect methods for 
partitioning renal function were developed, ample evidence was afforded that 
postabsorptive glomerular filtration rate and effective renal plasma flow in 
dogs could be increased or decreased by raising or lowering the dietary pro- 
tein intake.*-"' It is of interest to note that a prolonged high-protein diet was 
reported to lead to hypertrophy in the explanted kidney of dogs.’” 

In the rat, much evidence has accumulated'**! that high protein intakes 
lead to renal hypertrophy. Glomerular filtration rate?? and maximum tubular 
secretory rate for Diodrast?* have also been reported to be influenced by 
dietary protein in this species. 

In man, however, what changes in renal function have been reported are 
much smaller and the available data more contradictory. Shannon?® in 1952 
suggested that a low-protein diet lowers urea clearance in man, by approximat- 
ing this function from a reealeulation of the data of Deuel and associates”? on 
a single fasting subject. Keutmann and McCann?’ noted that the urea clear- 
anee rose when dietary protein was increased in four patients with glomerulo- 
nephritis but were unable to rule out spontaneous improvement in the disease as 
a causal factor. Cope,** in a study of the ‘‘standard’’ urea clearance (which is 
‘‘maximum’’ urea clearance ) 



















much more sensitive to changes in urine flow than 
in nephritie patients, reported that a low-protein diet decreased the urea elear- 
ance in eleven out of twelve patients but that a high-protein diet did not affect 
the urea clearance consistently. Coldring and colleagues2? obtained similar re- 
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sults in five normal subjects. Farr,?* however, in a study of the urea clearance 
and creatinine clearance in nephrotic children observed a continuous increase in 
renal function as he increased dietary protein from 0.5 Gm. per Kilogram per 
day in several stages to 4 Gm. per Kilogram per day. Longley and Miller,” 
in a study of two subjects, found that dietary protein intake up to 2.4 Gm. 
per Kilogram per day increased urea clearance and glomerular filtration rate. 
H. F. Smith*® mentions that urea clearances determined according to standard 
clinical practice were ‘‘alarmingly low’’ in malnourished individuals in a 
Siamese prisoner-of-war camp. As techniques for the study of renal function 
became more differentiated, data on specific phases of renal excretory function 
began to appear. Mollison*! studied two emaciated women who had been in- 
terned at Belsen, and found their filtration rates and Diodrast “T,,’’s to fall 
within the normal range but the renal plasma flow in one to be low. Nielson 
and Bang*® investigated the effects of a low-protein diet in eight normal 
women and reported a fall in urea clearance, but no change in inulin or Dio- 
drast clearance. Nielson and Bang** also reported a series of six normal 
women on a high-protein diet and found the inulin and Diodrast clearances 
similarly unaffected. However, Bang*t in a study of eleven patients with 
various forms of renal disease noted that a diet low in protein induced a fall 
in urea and inulin clearance, but not in Diodrast clearance. Chasis and his 
colleagues® in an investigation of ten patients with hypertensive disease, ad- 
ministered a rice diet (low in protein and salt) to the group and observed a 
fall in filtration rate, plasma flow, and maximum tubular secretory rate of 
p-aminohippurate. When salt was added to the diet, the first two functions re- 
turned toward normal, but the latter remained depressed in four out of five 
patients. White and Rolf** noted in a single subject that a high-protein diet 
increased both filtration rate and renal plasma flow. Our own observations*’ 
on normal individuals indicated that a high-protein intake increased glomeru- 
lar filtration rate and effective renal plasma flow but were inconclusive with 
respect to a low-protein diet. 

From perusal of Table I, which summarizes the information available to 
date on the effects of variation of dietary protein upon renal function in man, 
the desirability of further study is obvious. The present investigation was 
undertaken to ascertain the influence of both high- and low-protein intakes 
upon specific renal functions in normal man (glomerular filtration rate 
[GFR], effective renal plasma flow [ERPF], and maximum tubular secretory 
rate of p-aminohippurate [Tmpay] and to define the extent of such changes. 


METHODS 


Experimental Procedure.—The subjects were twenty clinically normal young adults (five 
women and fifteen men). Each subject was studied after two weeks on each of three diets. 
The high-protein diet contained 2.3 to 3.0 Gm. protein per kilogram of body weight per day 

average = 2.6 Gm. per kilogram per day). The medium protein diet consisted of 1.0 to 
\.4 Gm. protein per kilogram of body weight per day (average = 1.0 Gm. per kilogram per 
lay). The low-protein diet contained 0.1 to 0.4 Gm. per kilogram per day (average 0.3 Gm. 
per kilogram per day). For any one subject, the three diets were isocaloric and designed 
so that weight was neither gained nor lost. The salt contents of the diets for subjects 
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TABLE I. SUMMARY OF THE OBSERVATIONS OF OTHERS ON THE EFFECTS OF DIETARY PROTEIN 
INTAKE ON KIDNEY FUNCTION IN MAN 





| TUBULAR 
GFR ERPF MASS 


HIGH- | LOW- | HIGH-| LOW | HIGH- | LOW- 

















CLEARANCE 
HIGH- | LOW- 





UREA | 
| 
| 

























































| PRO- | PRO- | PRO- | PRO- | PRO- | PRO- | PRO- | PRO- 
TEIN | TEIN | TEIN | TEIN | TEIN | TEIN | TEIN | TEIN 
OBSERVER COMMENT | pieT | pier | pier | DIET | DIET | DIET | DIET | DIET 
Addis and 2 subjects. Post- ~ 
Drury! (1923)  prandial effect 
Shannon et al. Approximated by re- - 
(1932) calculation of data 
of Deuel.24 1 subject 
Keutmann and 4 patients with +9 
MeCann25 nephritis 
(1932) 
Farr28 (1936) Nephrotic children. + ~ + - 
Creatinine clear- 
ance used to meas- 
ure GFR 
Longley and 2 subjects + - + = 
Miller29 (1942) 
Mollison1 2 subjects. Emacia- 0 0 = 
(1946) tion cases from 
Belsen. Control val- 
ues unknown 
Nielson and 6 female subjects 0 0 0 
Bang33 (1949) 
Nielson and 8 female subjects _ 0 0 
Bang32 (1948) 
Bang?4 (1949) 11 patients with ~ ~ 0 
renal disease. In 3 
youngest patients 
ERPF fell 
Goldring et al.27 5 subjects 0 = 
(1934) 
White and 1 subject + + 
Rolf36 (1948) 
Chasis et al.35 10 hypertensives 0 0 - 
(1950) 





Smith3° (1951) POW’s from Siam. - 
Control values un- 
known 

Cope? (1933) 11 nephrities. Urine 0? - 
flows below ‘‘aug- 
mentation limit’’ 
















A “plus sign” indicates a rise, a “minus sign’’ indicates a fall, and a cipher indicates no 
change. A blank space indicates that no observations were recorded for the particular measure 
or dietary intake in question. 








11 to 20 were calculated and differences due to the different amounts of protein were 





equalized by the administration of supplementary salt. All subjects were studied in the 
postabsorptive state. 

Glomerular filtration rate was measured by inulin clearance. Effective renal plasma 
flow was measured by Diodrast clearance in the first ten subjects and by p-aminohippurate 









(PAH) clearance in the remainder. The maximum tubular secretory capacity for PAH 






was measured in the last ten subjects. After suitable priming injections, inulin and PAH 





were administered intravenously in 0.85 per cent saline solution by constant-speed infusion 
pump. Three to four clearance periods were obtained at low plasma levels of PAH, during 
which the clearances of inulin and PAH were taken to represent the GFR and ERPYF, 
respectively. The plasma PAH was then raised to levels required to insure saturation of 
the tubular secretory mechanism, and there maintained by an infusion fluid more concentrated 
with respect to PAH. Three to four clearance periods at high PAH levels were used to caleu 
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late TMpay values. Urine was collected through a multi-eyed catheter and the bladder rinsed 
with sterile 0.85 per cent saline solution at each emptying. In order further to minimize errors 
in urine collection, the studies were performed under water diuresis, an attempt being 
made to avoid rapid changes in urine flow. Venous blood samples were obtained at 
midperiod. 

Chemical Methods.—In the experiments on subjects 1 to 11, inulin was determined by 
the method of Alving and associates.38, 39 In subsequent studies, the method of Roe*#® was 
used. Diodrast was determined by the method of Flox and associates,41 and PAH by the 
method of Smith and associates.42 Cadmium sulfate filtrates of plasma and urine were 
employed. 

Calculations.—Clearances of inulin and Diodrast or PAH were calculated in the con- 
ventional way as the product of the urine flow (milliliters per minute) and the concen- 
tration of test substance in the urine (milligrams per 100 ml.) divided by the concentra- 
tion of test substance in plasma (milligrams per 100 ml.). All clearance determinations 
were corrected to a surface area of 1.73 square meters. In the calculation of Tmpan, 4 
value of 0.83 was assumed* for the product FW as employed by Smith and associates.42 
Each individual served as his own control. The differences found in the various renal 
functions in each subject as his dietary regimen was varied were grouped and then 
evaluated for significance according to the ‘‘t-test’’ of Fisher.44 Values for probability 
(P) of less than 0.05 indicate that chance alone could have accounted for the observed 
change fewer than 5 times in 100, and are customarily regarded as ‘‘significant.’’ Values 
of P of less than 0.01 are customarily regarded as ‘‘highly significant.’’ 


RESULTS 


Glomerular Filtration Rate-—The values obtained for GFR for each of the 
twenty subjects on each of the three diets are summarized in Table II, columns 
A, B, and C. The differences between the values observed on the three diets 
are listed for each subject in columns D, E, and F. 

Fifteen out of twenty subjects showed a higher GFR on the high- than 
on the medium-protein diet. The average difference in GFR between these two 
diets for all subjects was 13.1 ml. per minute per 1.73 square meters. This is 
a highly significant difference, chance alone being accountable for a change of 
this magnitude fewer than one in a hundred times. 

Similarly, fifteen of the twenty subjects showed a higher GFR on the me- 
dium- than on the low-protein diet, the mean change for the entire group being 
9.0 ml. per minute per 1.73 square meters. This is also a highly significant 
difference. 

Comparing the change in GFR between the high-protein and low-protein 
diets, all but one subject showed a higher GFR on the former than the latter 
regimen. The mean change was 22.1 ml. per minute per 1.73 square meters, 
also highly significant statistically. 

Effective Renal Plasma Flow.—The data on ERPF are summarized in Table 
i{T in an analogous manner to the data in Table II. Again, there is a progres- 
Sive increase in ERPF as the dietary protein is increased, the average differ- 


*We are cognizant of the recent evidence* indicating a slightly lower value of FW for 
PAH in the human being, but have adhered to the use of 0.83, since the difference in the 
calculated Tmpan would be negligible and because the great majority of PAH tubular maxima 
in the literature have been calculated using a value of 0.83 for FW. Furthermore, since each 
individual served as his own control, any errors in change of Tmpan with the different diets 
would be further minimized. 
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TABLE II. SUMMARY OF EFFECT OF VARIATION IN DIETARY PROTEIN INTAKE UPON GLOMERULAR 
FILTRATION RATE IN TWENTY SUBJECTS 



















































































DIFFERENCE IN GLOMERULAR FILTRATION 
RATES ON DIFFERENT DIETARY REGIMENS 
HIGH-PRO- 
TEIN DIET | MEDIUM-PRO- | HIGH-PROTEIN 
GLOMERULAR FILTRATION RATE MINUS ME- TEIN DIET DIET MINUS 
HIGH-PRO- MEDIUM- |LOW-PROTEIN| DIUM-PRO- MINUS LOW- | LOW-PROTEIN 
TEIN DIET |PROTEIN DIET DIET TEIN DIET | PROTEIN DIET DIET 
A B Cc D E F 
SUBJECT ML./MIN./1.73 M2 ML./MIN./1.73 M2 
1 160.6 118.2 119.8 + 42.4 - 1.6 + 40.8 
2 94.5 96.1 94.6 —- 1.6 + 15 - 0.1 
3 92.1 92.9 87.8 —- 0.8 + §,1 + 4.3 
4 118.4 80.4 95.6 + 38.0 - 15.2 + 22.8 
5 115.2 104.9 103.7 + 10.3 1.2 + 11.5 
6 111.2 88.5 95.5 + 22.7 — 7.0 + 15.7 
7 110.5 84.1 91.5 + 26.4 - 7.4 + 19.0 
8 151.5 111.4 86.1 + 40.1 + 25.3 + 65.4 
9 140.1 107.2 94.1 + 32.9 4+ 13:1 + 46.0 
10 103.5 98.5 60.0 + 5.0 + 38.5 + 43.5 
11 97.2 87.4 74.8 + 9.8 + 12.6 + 22.4 
12 101.2 104.7 92.0 — 3.5 + 12.7 + 9.2 
13 112.7 120.3 103.8 — 7.6 + 16.5 + 8.9 
14 145.8 115.7 120.1 + 30.1 —- 4.4 + 25.7 
15 107.2 119.9 90.4 — 12.7 + 29.5 + 16.8 
16 125.4 114.1 98.8 + 11.3 + apes + 26.6 
17 102.4 95.8 83.3 +. 6.6 + 125 + 19,1 
18 119.4 110.2 95.1 + 9.2 + 15.1 + 24.3 
19 118.4 116.4 108.3 + 2.0 + 8.1 + 104 
20 119.0 117.6 108.6 + 1.4 + 9.0 + 10.4 
Mean + 13.1 + 9.02 + 22.1 
Standard Error of + 3.749 + 2,938 + 3.598 
Mean 
id Fadil 3.494 3.070 6.149 
P < 0.01 =< 0:0: < 0.001 














Columns A, B, and C contain the values for GFR obtained after two weeks on a high- 
protein diet, medium-protein diet, and low-protein diet, respectively. Each value is the mean 
of 3 to 4 clearance periods. Column D contains the difference in the GFR on the high- 
protein diet and the medium-protein diet, listed separately for each subject. Column E is 
constructed similarly for the medium- and low-protein diets. Column F indicates the differences 
in GFR between the high- and low-protein diets. 













ence in ERPF between the highest and lowest dietary protein regimen being 
102 ml. per minute per 1.73 square meter. However, the mean decrement in 
ERPF evinced by members of the group when they were receiving the low pro- 
tein, as opposed to the medium protein ration, was only 32.6 ml. per minute 
per 1.73 square meter, a figure which would be accounted for by chance 
alone slightly more than five times out of a hundred. This is just beyond the 
conventional criterion of ‘‘statistical significance.’’ However, the mean incre- 
ment in ERPF of 69.4 ml. per minute per 1.73 square meters shown by the 
group as they passed from the medium- to the high-protein diet may be regarded 
as ‘‘highly significant’’ by customary statistical criteria. 












Filtration Fraction.—Table IV summarizes the data on filtration fraction 
(FF). The average changes found are extremely small, and notie can be ad- 
judged statistically significant. 






Maximum Rate of Tubular Secretion of PAH.—The Ty, for PAH was ob- 
served to undergo changes similar to those seen in the case of GFR and ERPF. 
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TABLE III. SUMMARY OF EFFECT OF VARIATION IN DIETARY PROTEIN INTAKE UPON EFFECTIVE 
RENAL PLASMA FLOW IN TWENTY SUBJECTS 








DIFFERENCE IN EFFECTIVE RENAL PLASMA 
FLOWS ON DIFFERENT DIETARY REGIMENS 


HIGH-PRO- 
TEIN DIET | MEDIUM-PRO- | HIGH-PROTEIN 
EFFECTIVE RENAL PLASMA FLOW MINUS ME- TEIN DIET DIET MINUS 
HIGH-PRO- |MEDIUM-PRO-|LOW-PROTEIN| DIUM-PRO- | MINUS LOW- | LOW-PROTEIN 
TEIN DIET TEIN DIET DIET TEIN DIET | PROTEIN DIET DIET 
A B Cc D E F 
SUBJECT ML./MIN./1.73 M2 ML./MIN./1.73 
a 568 470 199 + 98 
ye 540 432 86 + 108 
537 562 101 — 25 
4 468 637 200 169 
566 534 166 32 
609 547 a 62 
550 374 ERG 176 
682 603 55 79 
492 431 174 61 
544 515 (4 29 
508 437 + 31 vi 
594 574 2 20 
665 703 32 38 
736 645 67 91 
44] 448 195 7 
694 702 10 8 
484 468 36 16 
569 579 62 10 
622 614 45 8 
546 488 37 58 
Mean 69.4 32.6 
Standard Error of 18.34 15.80 
Mean 
aenge? 3.784 2.063 4.805 
P < 0.01 0.05-0.10 < 0.001 


Data are derived from the same subjects and same clearance periods listed in Table II. 
The two tables are constructed analogously throughout. 























297 
194 
76 
84 
198 
57 
293 
24 
235 
22 
102 
18 
6 
158 
108 


9 


52 

52 

53 

21 
102 

21.23 


| 


t++t+teeteteeeetst 


ltt etttetet t+ 


+ 
| 


t++teeeet 





I++] t te teett+ 


I+ + 








These are summarized in Table V. The progressive increase in Tmpay with 
dietary protein, although greater between the high- and medium-protein diets 
than between the medium- and low-protein regimens, was significant in both 
instances. The mean increase in Tmpay shown by the group in which this 


parameter was measured was 16.8 mg. per minute per 1.73 per square meters 
more on the high-protein diet than on the low-protein diet, a change that could 
be aceounted for by chance alone fewer than one time in a thousand. 

Effectwwe Renal Plasma Flow Per Unit of Functional Renal Tissue.-—The 
ratio of ERPF to maximal tubular secretory capacity has been employed*® as 
a’ measure of relative renal ischemia and hyperemia.* Table VI summarizes 
the data contributed by the present series to this aspect of renal function. A 
mean inerease of 0.91 ml. per milligram PAH was observed on the low-protein 
regimen as opposed to the high-protein diet. The tendency of this measure to 
he higher as the protein content of the diet became lower was also evident when 
comparing the results obtained in the diets intermediate in protein with those 


*Goldring and associates® used the Tm for Diodrast as a measure of the maximum 
tubular secretory capacity. It has been shown subsequently by the same group* that the Tm 
for Diodrast and the Tm for PAH bear a constant ratio to each other, 
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TABLE IV. SUMMARY OF EFFECT OF VARIATION IN DIETARY PROTEIN INTAKE UPON FILTRATION 
FRACTION IN TWENTY SUBJECTS 














DIFFERENCE IN FILTRATION FRACTIONS 
ON DIFFERENT DIETARY REGIMENS 


HIGH-PRO- 























FILTRATION FRACTION TEIN DIET | MEDIUM-PRO- HIGH-PRO- 
MEDIUM- MINUS ME- TEIN DIET TEIN DIET 
HIGH-PRO- PROTEIN |LOW-PROTEIN| DIUM-PRO- | MINUS LOW- | MINUS LOW- 
TEIN DIET DIET DIET TEIN DIET | PROTEIN DIET] PROTEIN DIET 





D E F 
PER CENT 


B Cc 


PER CENT 





A 


















SUBJECT 


























1 20.9 20.8 25.5 + 0.1 — 4.7 — 4.6 
2 15.1 17.8 21.9 — 2.7 — 4.1 — 6. 
34 14.4 1733 15.6 — 2.9 + 1.7 —- 1.2 
4 16.4 17.2 15.0 — 0.8 + 2,2 + 1.4 
+44 15.7 18.5 19.4 — 2.8 _- 09 — 3.7 
6 18.4 14.5 17.5 + 3.9 3.0 + 0.9 
7 16.6 15.3 24.5 + 1.3 - 9.2 —- 7.9 
8 24.2 16.3 14.3 + 7.9 + 2.0 + 9.9 
9 21.0 21.8 21.8 - 0.8 0.0 — 0.8 
10 19.3 18.1 ay + 1.2 + 6.4 + 7.6 
11 18.2 iv 17.2 + 1.1 = 0:1 + 1.0 
12 17.1 17.6 16.3 — 0.5 4+ 1.3 + 0.8 
13 16.2 18.3 14.8 - 2.1 + 3.5 + 1.4 
14 18.2 15.8 18.6 + 2.4 — 2.8 — 0.4 
15 19.3 27.2 20.2 - 7.9 + 7.0 - 0.9 
16 17.8 16.4 14.1 + 1.4 + 2.3 + 3.7 
17 19.7 19.8 17.8 - 0.1 + 2.0 + 1.9 
18 18.9 19.4 16.4 — 0.5 + 3.0 + 2.5 
19 17.8 18.8 17.6 — 1.0 + 1.2 + 0.2 
20 23.4 21.6 ee + 1.8 — 0.7 + 1.1 
Mean | — 0.05 + 0.355 + 0.305 
Standard Error of | + 0.6997 + 0.8500 + 0.9342 
Mean 
er? | 0.0715 0.4177 0.3265 
L | > 0.9 0.6-0.7 0.7-0.8 













Data are derived from the same subjects and same clearance periods listed in Tables II 
and III. The three tables are constructed analogously throughout. 





SUMMARY OF EFFECT OF DIETARY PROTEIN INTAKE UPON MAXIMUM TUBULAR 
SECRETORY CAPACITY IN TEN SUBJECTS 





TABLE V. 








DIFFERENCE IN VALUES FOR TMpay ON 





















































DIFFERENT DIETARY REGIMENS “ 
HIGH-PRO- 
TMpan TEIN DIET | MEDIUM-PRO- | HIGH-PROTEIN 
MEDIUM- MINUS ME- TEIN DIET DIET MINUS 
HIGH-PRO- PROTEIN LOW-PRO- DIUM-PRO- | MINUS LOW- | LOW-PROTEIN 
TEIN DIET DIET TEIN DIET TEIN DIET | PROTEIN DIET DIET 
A B Cc D E F t) 
SUBJECT MG./MIN./1.73 M.2 MG./MIN./1.73 M.2 ¥ 
11 70.2 54.0 57.4 + 16.2 «- BA + 12.8 
12 98.8 82.1 74.4 + 16.7 + 1.7 + 24.4 0) 
13 79.6 80.5 69.2 —- 0.9 + 11.3 + 10.4 " 
14 86.5 80.2 82.3 + 6.3 —- 2.1 + 4,2 i 
15 89.4 53.1 63.4 + 36.3 — 10.3 + 26.0 01 
16 99.1 90.3 78.8 + 8,8 + 11.5 + 20.3 p 
17 85.0 86.2 69.5 —- 1.2 + 16.7 + 15.5 ‘ 
18 75.9 62.9 51.0 ° + 13.0 + 11.9 + 24.9 ti 
19 97. 92.2 81.0 + 4.8 + 11.2 + 16.0 
20 81.6 77.8 68.3 + 3.8 + 95 + 13.3 
Mean + 10.4 + 64 + 16.8 fil 
Standard Error of + 3.508 = 2.724 = Bald U 
Mean 
J) Vidi 2.959 2.349 7.716 nk 
P 0.01-0.02 0.02-0.05 < 0.001 of 








Data are derived similarly to those in Tables II, III, and IV, but the clearance periods 
were performed subsequent to, rather than simultaneously with, those. 
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of either extreme, but these differences failed to achieve statistical significance 
by conventional criteria. The difference found between the high- and medium- 
protein diet in this regard falls just short of the standard criteria of signifi- 
eance. As the data stand, chance alone could account for the observed differ- 
ences slightly more than five times in a hundred. Nonetheless, between the two 
diets containing the most and least amounts of protein, the plasma flow per 
Tm unit showed a difference of 0.91 ml. per milligram Pan, a change which 
proves statistically significant. 


TABLE VI. SUMMARY OF EFFECT OF VARIATION IN DIETARY PROTEIN INTAKE UPON THE RATIO 
OF EFFECTIVE RENAL PLASMA FLOW TO MAXIMUM TUBULAR SECRETORY 
CAPACITY IN TEN SUBJECTS 








DIFFERENCE IN VALUES FOR ERPF TMpay ON 
DIFFERENT DIETARY REGIMENS 
: HIGH-PRO- 
ERPF/ TMpan TEIN DIET | MEDIUM-PRO- | HIGH-PROTEIN 
| MEDIUM- MINUS ME- TEIN DIET DIET MINUS 
| 








HIGH-PRO- PROTEIN LOW-PRO- DIUM-PRO- MINUS LOW- LOW-PROTEIN 
TEIN DIET DIET TEIN DIET TEIN DIET PROTEIN DIET DIET 


A B Cc D E F 
SUBJECT ML./MG. ML./MG. 


11 7.68 9.41 6 1.73 + 0.07 

12 6.00 leeo 7) 1.23 y — 1.71 

13 8.76 8.26 10. 0.50 : — 1.44 

14 9.24 9.18 7.84 0.06 3 + 1.40 

15 6.22 8.31 6.50 2.09 — 0.28 
16 140 7.69 8.91 0.59 — 1.81 
a7 6.12 5.62 6.74 0.50 — 0.62 
18 8.31 9.12 11.34 0.81 — 3.03 
19 6.87 6.75 7.58 0.12 — 0.71 
20 6.15 7.01 To 0.86 0.14 - 1.00 
Mean — 0.613 0.300 — 0.913 

Standard Error of + 0.2863 0.4689 + 0.3808 

Mean 

i rid 2.141 0.6398 2.398 

P 0.05-0.10 0.5-0.6 0.02-0.05 


Data are derived from the same subjects and same clearance periods listed in Table V, 
and these tables are constructed analogously throughout. 
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DISCUSSION 


Glomerular Filtration Rate——In the subjects studied, there is little doubt 
that the different dietary regimens employed altered the glomerular filtration 
rate. Such alteration was neither large nor invariable. The mean increase 
on a high-protein diet and the mean decrease on a low-protein diet, however, 
were both highly significant in the conventional statistical sense. The range 
of normal values for GFR is sufficiently great so that increases due to high- 
protein intake and decreases due to low-protein intake did not usually make 
the GFR hypernormal or subnormal. 

It is generally recognized that the urea clearance varies with glomerular 
filtration rate and, in fact, is used clinically to approximate the latter function. 
Urea clearance is influenced by variables other than GFR, however, the most 
notable of which is the urine flow, which exerts its effect by varying the moiety 
o! filtered urea undergoing reabsorption in the tubules. Not only does the 
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fraction of filtered urea reabsorbed vary with urine flow, but it does so in a 
nonlinear manner.‘’ The value of the urea reabsorption fraction also depends 
somewhat upon the particular phase of the curve of diuresis during which it 
is measured, tending to be lower when urine flow is rising than when fall- 
ing.** 4° This lack of a rigidly constant and simple relationship between urea 
clearance and GFR must be borne in mind when the former is employed as an 
estimate of the latter, as has been done extensively in earlier investigations. 
Even so, in all the studies tabulated in Table I, a low-protein intake was noted 
to diminish the urea clearance. In Farr’s?® and Bang’s*! series, it seems likely 
that this fall was due to a fall in GIR. Nielson and Bang’s series,*? however, 
is notable in that the fall in urea clearance seemed to depend upon tubular 
factors entirely, since GFR was not noted to change.* 

In those studies in which GFR was measured more directly, Farr’s** find- 
ings in nephrotic children (Farr approximated GFR by using creatinine clear- 
ance), White and Rolf’s*® findings on a single subject on a high-protein diet, 
and Bang’s** findings in nephritic adults are in agreement with ours. Three 
reported studies are not in entire agreement ‘with the herein reported data on 
GFR. Mollison* noted “normal” values for GFR in two Belsen victims suffer- 
ing from emaciation. The filtration rates of these patients before emaciation 
had developed or after it had been alleviated are not reported. It has been 
pointed out previously that the range of normal is such as to allow consider- 
able latitude for change without exceeding “normal” limits. Chasis and as- 
sociates*®> found that a low-protein diet did not lower GFR in ten patients with 
hypertension. Since the current series is concerned with normal kidneys, it 
seems to us that Chasis’ results and ours are not necessarily incompatible. It 
is difficult to explain the discrepancy between our findings and those from the 
studies of Nielson and Bang in six women on a high-protein diet** and eight 
women on a low-protein diet,*? in which they found no change in GFR. In view 
of the fact that the changes we have demonstrated are small, that the range is 
wide, and that factors other than diet can influence GFR, we incline toward the 
view that the discrepancies between the series of Nielson and Bang and that 
herein reported may be due to differences in sampling. It is of interest to note in 
this connection that in Bang’s study** of eleven patients with renal disease, 
there was a fall of GFR on the low-protein diet. 

Effective Renal Plasma Flow.—The previously given comments on the find 
ings of Mollison,*? Nielson and Bang,** *? Bang,** White and Rolf,*° and Chasis 
and associates® apply equally well to ERPF as to GFR. One of Mollison’s 
emaciation cases, incidentally, showed a clearly depressed ERPF. Although 
the mean change in ERPF evineed by Bang’s patients with renal disease on a 
low-protein diet was not significant, it can be seen by examination of his data 


*We have noted,*7 in some instances, a depression in urea clearance on a low-protein 
diet, not accountable for by_a change in GFR (although the GFR’s in these patients did fall 
somewhat), but were not able to prove this significant statistically. No simple explanation 
suggests itself for this phenomenon. In view of the fact that Nielson and Bang’s U/P inulin 
ratios did not change (nor did ours), we do not feel that Smith’s® suggestion that the decreas¢ 
might be “related to increased proximal reabsorption of sodium and water” is necessarily 
valid. The explanation may well lie in hitherto undiscovered variation of the urea/inulin 
clearance ratio at different levels of glomerular activity, as Smith cogently points out, which 
has never been examined in man. 
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that there was a fall in ERPF in the three youngest patients in the series. 
The ages of the normal subjects studied by Bang and Nielson is recorded as 
18 to 40 years. Chasis’ series cover the age range 37 to 48 years. Our own 
subjects were all in their twenties, with most in their early twenties. It should 
be recalled in this connection that Farr’s nephrotic patients were children. It 
is not at all unlikely that the kidney of youth is more reactive in its functional 
responses than is the kidney which is farther along in the aging. process. The 
age-differential in the response of renal vascular resistances to pyrogen®? 
might be taken as an example of such a phenomenon. 

Although the mean difference in ERPF in the current series is 32.6 ml. 
per minute per 1.73 square meters higher on the medium- than on the low-pro- 
tein diet, this difference could not be proved significant. Actually the “t” 
value in this instance indicates a probability of chance alone being accountable 
for the observed result slightly more than 5 times in 100, just short of the 
conventional criterion for “significance.” However, since the difference in 
ERPF between the high- and the medium-protein regimen, and between the 
high- and the low-protein regimen are both “highly significant,” and because 
all the corresponding differences in GFR were also “highly significant,” we 
are willing to accept the difference in ERPF between the medium-protein and 
the low-protein diet as being a real one. 

Maximum Tubular Secretory Capacity.—It is of interest to note that in the 
series of hypertensive patients reported by Chasis and associates,*® the ma- 


jority of those whose Tmpay fell on the rice diet failed to show restoration of 
this function when salt was administered. This was noted by Chasis and his 
colleagues, who suggested that “it is possible, though not demontrated, that 
the low protein content of the rice diet (20 Gm. per day) or some specific 
dietary deficiency has an adverse effect on tubular function.” The series of 
normal subjects herein reported evinced a statistically significant depression of 
Tmpay on a low-protein diet and a statistically significant elevation of Tmpan 


on a high-protein diet. 

The observations of Mudge and Taggart* that 2,4-dinitrophenol could 
depress PAH secretion without affeeting renal hemodynamies in the dog, of 
Cross and Taggart*? that acetate could augment the accumulation by slices of 
rabbit kidney cortex of PAH against a concentration gradient, of Mudge and 
Taggart®’® that acetate and lactate could elevate Tmpay in the dog, and of Me- 
Donald and associates™* that lactate could elevate Tmpay in man, indicate that 
the Tran cannot be regarded solely as a measure of the “mass” of the kidney, 
and ean be acutely elevated or depressed by chemical means. The experiments 
herein presented do not answer, nor were they designed to answer, the prob- 
lem of the mechanisms of production of the changes noted. 

Plasma Flow Per Unit Tmpa4y.—Although, strictly speaking, a reduction in 
this ratio should mean relative “ischemia” and its augmentation relative 
“hyperemia,” the previously noted observations on the chemical nature of the 
transport process should give us caution in our interpretations. The ratio 
RPF/Tmpay was observed by us to be lower on a high-protein diet than on 
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a low-protein diet. Whether this represents a true “ischemia” on a high-pro- 
tein and a true “hyperemia” on a low-protein diet cannot be said at the present 
time. 

SUMMARY AND CONCLUSIONS 


Specific renal functions were studied in twenty normal young subjects 
after three different two-week dietary regimens low in protein, medium in 
protein, and high in protein. The low-protein diet lowered GFR and the high- 
protein diet raised GFR an average of 9.02 and 13.1 ml. per minute per 1.73 
square meter, respectively. The low-protein diet lowered ERPF and the 
high-protein diet raised ERPF an average of 32.6 and 69.4 ml. per minute per 
1.73 square meter, respectively. The former change was not proved signifi- 
cant by conventional criteria but is accepted as real for reasons given in the 
text. The filtration fraction was not altered by either the high-protein diet 
or the low-protein diet. The low-protein diet lowered Tmpay and the high- 
protein diet raised Tmpay an average of 6.4 and 10.4 mg. per minute per 1.73 
square meter, respectively. The ERPF/Tmpayq was an average of 0.913 ml. 
per milligram higher on the low-protein diet than on the high-protein diet. 
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